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From quotations which I had seen, I had a high notion of Aristotle’s merits, but I had not the most remote notion what a wonderful man he was. Linnaeus and Cuvier have been my two gods, though in very different ways, but they were mere schoolboys to old Aristotle.
Charles Darwin to William Ogle, on the publication of his translation of The Parts of Animals, 1882.
PARTS OF ANIMALS
To
Α. E. Ρ. and L. A. P.
FOREWORD
Ahistotle refers to the De parlibus animalium as an inquiry into the causes that in each ease have determined the composition of animals. He does not, however, employ the category of causation in the manner normally adopted bv men of scienee, since in this book causes are always considered in relation to ends or purposes, and design is regarded as having had a far larger share in the origin and development of living structures than that allotted to necessity.
In the Hisforia animalium the parts themselves are described, for although this work is to some extent physiological, its main object was to deal with the anatomy of the organism. The Deparlibus animalium, on the other hand, is almost exclusively physiological and teleological, and treats of the functions of the parts. But Aristotle’s position was that of a teleo-logist only in a limited degree, for he appears to have taken that view of life which Bergson ealls the doctrine of internal finality (that is to say, that each individual, or at any rate eaeh species, is made for itself, that all its parts conspire for the greatest good of the whole, and are intelligently organized in view of that end but without regard for other organisms or kinds of organisms). Since every organ or part of the body was held to have its peculiar function, the existence of vestigial or rudimentary organs was a 2	*	3
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unrecognized. This was the doctrine of internal finality which was generally accepted until Darwin elaborated his theory of Natural Selection. The wider doctrine of external finality, according to which living beings are ordered in regard to one another, never gained acceptance among scientific philosophers, and the only indication that Aristotle ever adopted it is furnished by a passage in which he suggests that the mouth in Selachians is placed on the under surface so as to allow their prey to escape while the fish are turning on their backs before taking their food ; but even this he qualified by the suggestion that the arrangement served a useful end for the fishes in question by preventing them from indulging in the harmful habit of gluttony.
The De partibus animalium opens with an introduction devoted to general considerations. This is followed by a discussion of the three degrees of composition, the first degree being composition of physical substances, the second degree, of homogeneous parts or tissues, and the third, of heterogeneous parts or organs. The tissues referred to are blood, fat, marrow, brain, flesh, and bone. After describing these, the organs are dealt with, and a consideration of their respective functions, first in sanguineous animals (i.e. in Vertebrates), and secondly in bloodless animals (i.e. Invertebrates), occupies the remainder of the book. The account given of the physiology of the blood is especially interesting, and it is noteworthy that Aristotle understood something of the nature of the process of absorption whereby the food becomes converted into nutriment which is carried by the blood to all parts of the body. He supposed, however, that the matter derived from the 4
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gut passed first to the heart in the form of vapour or serum, and that it was there converted into true blood by a process of concoction. Aristotle knew nothing of the real nature of respiration, and he regarded the lungs as serving to temper the bodily heat by means of the inspired air. He was also entirely ignorant of the fact that the blood passes back to the heart and lungs after supplying the tissues and organs with nourishment. On the other hand, he fully appreciated the existence of excretory organs, the function of which was to remove from the body such substances as could not be utilized. In this category are included fluids such as bile, urine, and sweat. In the section on the gall-bladder, as in so many other passages in his works on natural history, it is truly remarkable how correct Aristotle is in his statements. He points out that the gallbladder is not found either in the horse and ass or in the deer and roe, but is generally present in tHe sheep and goat. In the light of the knowledge that he possessed, therefore, Aristotle could scarcely have adopted a theory about this organ which has found expression in certain modern writings. According to this theory the gall-bladder is present in the sheep and ox because, these being ruminating animals, bile is only required at certain particular times when food passes into the intestine, whereas in the horse, which does not chew the cud, but yet is constantly eating, food is continually passing into the intestine and consequently a perpetual flow of bile is desirable. Since the gall-bladder is present in the non-ruminating pig but absent in the ruminating deer and roe, it is obvious that this theory cannot be consistently applied.
5
FOREWORD
It is interesting to speculate about the school of research workers who must have contributed in providing material for this and the other works on natural science ascribed to Aristotle—v.'ho they were, the circumstances under which they lived, and what manner of facilities were available for their investigations—for it would seem certain that no man single-handed could possibly have acquired such a vast body of knowledge, hardly any of which could have been derived from earlier observers. Yet the work in its completed whole seems to show the mark of one master hand, and its uniform character and the clear line of teleological reasoning that runs through it have been well brought out in Dr. Peck’s translation. But putting aside its philosophical implications, the book consists of an attempt at. a scientific record of all the apparently known facts relating to animal function. These are considered comparatively and as far as possible are brought into relation with one another. And thus, as the earliest text-book on animal physiology in the world’s history, this treatise will ever make its appeal, not only to the classical philosopher, but to all who are interested in the origin and growth of biological science.
F. H. A. ΑΙ.
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INTRODUCTION
Title. The traditional title of this treatise is not a very informative one. The subject of the work is, however, stated quite clearly by Aristotle at the beginning of the second Book in these words : “ I have already described with considerable detail in my Researches upon Animals what and how many are the parts of which animals are composed. We must now leave on one side what was said there, as our present task is to consider what are the causes through which each animal is'as I there described it ” (6-16 a 7 foil.). The title ought therefore to be “ O f the Causes of the Paris of Animals,” and this is the title actually applied to it by Aristotle himself (at De gen. an. 782 a 2l).e Even so, the word “ parts ” is misleading : it includes not only what we call parts, such as limbs and organs, but also constituents such as blood and marrow.b Perhaps, therefore, no harm is done by leaving the accepted (and convenient) Latin title untranslated.
Zoological The De partibus, as well as the other treatises works' contained in this volume, forms a portion of Aristotle’s zoological works. The foundation of these is the Historia animalium, or Researches about Animals, in nine books (the tenth is generally held to be
0 For the meaning of Cause see note below, p. 24.
6 See note on “part ” below, p. 28.
PARTS OF ANIMALS
spurious), in which observations are recorded, and consequent upon this are the treatises in which Aristotle puts forward theories founded upon these observations.
An animal is, according to Aristotle, a “ concrete entity ” made up of “ matter ” and “ form.” Hence, in the De partibus Aristotle treats of the causes on account of which the bodies—the “ matter ”—of animals are shaped and constructed as they are, in general ; in the De incessu he deals specially with the parts that subserve locomotion. In the De anima he proceeds to consider Soul—the “ form ” of an animal. In the remaining treatises, of which De motu, included in this volume, is one, he deals with what he calls the functions “ common to body and Soul,” among which he includes sensation, memory, appetite, pleasure, pain, waking, sleeping, respiration, and so forth (see De sensu 436 a). The complete scheme is set out below :
I.	Record of observations.
Historia animalium. 10 (9) books.
II.	Theory based upon observations.
0)
De incessu
animalium 1 book
De partibus
animalium 4 books
treating of the way in which the “ matter ” of animals is arranged to subserve their various purposes.
(δ) De anima
treatingof the “form” of animals — the Soul.
9
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(F)
Parva naturalia
De moiu ani-malium
De generatione animalium
____ treating of the functions “ common to body and Soul,” and 1 book in particular of some special departments of ani-5 books mal behaviour.
The section (b) is necessary to the completeness of the scheme, but as it has given rise to a whole department of study, it is usually treated apart from the rest. Thus the main bulk of the zoological and biological works may be taken to consist of the three great treatises, HistcHa animalium, De partibus animalium, and De generatione animalium. It was these which, through translations made from the Arabic, were restored to the West by those who revived scientific studies at the beginning of the thirteenth century.
Date of The late D’Arcy W. Thompson, in the prefatory COmtion. note to his translation of Ii.A.,a wrote : “ I think it can be shown that Aristotle’s natural history studies were carried on, or mainly carried on, in his middle age, between his two periods of residence at Athens,” i.e. in the Troad, in Lesbos and in Macedonia, between the years 347 and 335 : and this view has recently received convincing support from Mr. H. D. P. Lee,b who bases his argument upon an examination of the place-names in H.A. This is opposed to the view which has been current for some years past,® that the zoological works belong to a late period in Aristotle’s life, and has important consequences for the reconstruction of Aristotle’s philosophical develop-
8 The Works of Aristotle translated, vol. iv., Oxford, 1910. * C.Q. xlii. (1948), 61 ff.
* See W. D. Ross, Aristotle, and W. W. Jaeger, Aristotle. 10
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mcnt, which cannot be dealt with here. It may, however, be remarked that, as Thompson said, it would follow that we might legitimately proceed to interpret Aristotle’s more strictly philosophical work in the light of his work in natural history. But apart from these considerations, the great importance of the zoological works is that they represent the first attempt in Europe to observe and describe in a scientific way the individual living object.
Throughout the Deparlibus Aristotle endeavours to Teleology, provide a Final Cause 0 to explain the facts which he records—some purpose which they are supposed to answer ; and Causes of this sort are by far the most common in his treatise. His outlook is therefore justly described as “ teleological ” ; but it is important not to read too much into this description. Aristotle is never tired of telling us that Nature makes nothing and does nothing “ without a purpose ” ; but if we ask what that purpose is we may find that the answer is not quite what we had expected.
Plato’s notion of the “ form ” tended to divert his attention from individuals through a hierarchy of successive “ forms ” ; but for Aristotle “ form ” is not independent of matter : form must be embodied in some matter, that is, in individuals. Thus we find all through that Aristotle cannot long keep his eyes from the individual wherein the form is actually embodied, because it, after all, is the End, the crowning achievement of the efforts of the four Causes. This outlook controls the arrangement of Aristotle’s treatise. Since all processes of production are determined by the nature of the product which is to result from them, it is the fully developed product which we must first make it our business to observe,
° The four Causes are dealt with in a separate note, p. 24·.
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Synopsis
and
Summary.
and when we have discovered what are its actual characteristics we may then go on to work out its Causes and to examine the processes by which it was produced.
I give a brief synopsis and a contents-summary of the De partibus :
BRIEF SYNOPSIS OF DE PARTIBUS Introduction: Methods.
Composition of Substances : Three modes :
(1)	Tlie primary substances.
(2)	Tlie “ uniform ” parts.
(3)	Tlie “ non-uniform ” parts. Consideration of (1) Hot, cold, solid, fluid.
(2)	Uniform parts : (a) fluid, (b) solid.
(3)	Non-uniform parts, as follows :— External parts of animals.
Internal parts of blooded animals.
Internal parts of bloodless animals.
External parts of bloodless animals.
External parts of blooded animals (resumed).
(a)	Vivipara. (δ) Ovipara.
SUMMARY
Book I.
639	a 15 ch. 1 Introduction. On the Method of Natural Science.
Two questions propounded :
(1)	Are we to begin with the ultimate species and describe its characteristics, or with those that are common to many species ?
12
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639 b 8
G40 b 17
640 b 30
(2)	(Put in three ways):
(a)	Are we to take first the phenomena, and then proceed to their Causes ?
(b)	Which is the primary Cause, the
Final or the Efficient (Motive) ? (Answered immediately:	The
Final; with a reference also to the influence of Necessity.)
(c)	Are we to discuss first the processes by which the animal is formed, or the characteristics of it in its completed state ?
Answer to question (2).
We must begin with the phenomena, then go on to the Causes, and the formative processes—or, in other words, the Final Cause concerns us first anil foremost. Tliis differs from the practice of the early philosophers, who concerned themselves with the Material Cause, though sometimes also with the Efficient (Motive) Cause. We must begin at the End, not at the beginning.
Thus we must consider not merely the primary substances, but the “ uniform ” parts, which are made out of them, and also the “ non-uniform ” parts. In doing this, we shall be paying- attention to the Formal Cause, which is more important than the Material Cause : the animal as a finished whole is more significant than the substances out of which it was made.
But mere form or shape is not enough : “ shaped matter ” is not an animal. “ Form ” in its full and true sense involves “Soul”:	“Soul” somehow is the
animal’s Efficient and Final Cause. Actually, it is not Soul in its entirety, but 13
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641 b 10	some “ portion ” of Soul which fulfils this office. Thus the universe and the living objects in it are the products of something analogous to human art : they are controlled by a Final Cause.
642 a 1	But Necessity also has its place in the universe— not (1) “ absolute ” necessity nor (2) “ coercive ” necessity but (3) “ conditional ” necessity. These two Causes, the Final Cause and Necessity, set the stage for our piece.
642 b 5 ch. 2	Criticisms of dichotomy as a method of classification of animals.
644 a 11 ch. 4	The correct method of classification is by groups, such as Birds and Fishes.
644 a 23	Answer to question (1). We must deal with groups, not species {e.g. Bird, not Crane), and where a species does not belong to a larger group, we must deal with species, not individuals {e.g. Rian, not Socrates).
644 b 21 ch. 5 An Exhortation to the study of animals.
645 b 1	Final summary of the Method, combining answers to both the original questions : (1)	First we discuss the attributes common to a group; (2)	Then we give the explanation of them.
Book II.
646 a 8 ch. 1 Purpose and outline of the Treatise : Our subject is the causes of the parts of animals.
14
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646 a 13
G47 a 3 647 a 25
647	b 10 ch. 2
648	a 20
649	b 9
Three modes of composition :
(1)	Oat of the “ elements ” or dynameis (hot, cold, fluid, solid).
(2)	The uniform parts (bone, flesh, etc.)·
(3)	The non-uniform parts (face, hand, etc.).
The relation of them to each other, and the way in which the Causes control this relation.
Parts may be divided into :
(a)	Instrumental parts (non-uniform).
(b)	Media of sensation (uniform).
The faculty of sensation has its seat in the heart, which is thus uniform ; but it is also non-uniform, as it has to do with motion.
The uniform parts, generally. Variations occur in each of them, as is illustrated by the example of Blood.
Resumption of the Three modes of composition :
(1)	The primary substances : meaning of “ hot,” “ cold,” “ solid,” “ fluid,” Avith special reference to Blood. This merges into a discussion of
(2)	The Uniform parts.
Blood. Fibres. Intelligence and sensitivity, and “ temperament ” generally. Serum.
651 a 20	ch.	5	Lard and Suet (forms of Blood).
651	b 20	ch.	6	Marrow (a form of Blood).
652	a 24	ch.	7	The Brain.
653	b 19	ch.	8	Flesh—the “ part ” par excellence—
and its counterpart.
Bones, and their counterparts, and parts similar to Bone.
ch. 10 (3) The Non-uniform parts of animals.
(This occupies the rest of the work.)
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655	b 28
656	a 14
657	a 12 ch. 11
657	a 25 ch. 13
658	b 27 ch.16
659	b 20
660	a 14 ch.17
Book III. G61a 34 ch. 1 061 b 27 G62 a 1G 662 a 34 662 b 23 ch. 2 664 a 13 ch. 3 664 a 36 664 b 20
General statement of the three organs indispensable to animals.
Head : Brain. Sense-organs.
Ears.
Eyes, etc. (ch. 14 : Eyelashes
and digression 0n Hair).
Nostrils (esp. the Elephant’s). Lips.
Tongue.
Teeth.
(Note on “ the more and less.”) Mouth.
Beak.
Horns.
Neck : Oesophagus.
Larynx and windpipe. Epiglottis.
665 a 27 ch. 4	Internal Parts of Blooded Animals: Viscera :
665 b 5	Heart.
66” b15 ch. 5	Blood-vessels (Great Blood-vessel and Aorta, and generally).
668 b 33 ch. 6	Lung.
669 b 13 ch. 7	(Why viscera are double, and other remarks.) Liver and Spleen.
670 b 32 ch. 8	Bladder.
671 a 26 ch. 9	Kidneys.
672 b 8 ch. 10	Diaphragm.
673 b 4 ch. 11	Membranes.
673 b 12 ch. 12	Variations in the Viscera (Liver and Spleen).
674 a 9 ch. 14	Stomach and Intestines.
675 b 29	Jejunum.
676 a 7 ch. Ιδ Book IV.	Rennet.
676 a 23 ch. 1 16	General. Internal parts of Ovipara.
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676	b 16 ch. 2 677	b 15 ch. 3 677 b 37 ch.4	Gall-bladder and Bile. Omentum. Mesentery.
678 a 27 ch.5	Internal Parts of Bloodless Animals (Insects, Testacea, Crustacea, Ccphalo-pods). With special reference to the Sepia’s “ ink,” and the Sea-urcliin’s “ ova.”
681 a 10	Creatures intermediate between animals and plants.
682 a .30 682 a.35 ch. 6 083 b 4 ch. 7 633 b 25 ch. 8 684 b 7 ch. 9	External Parts of Bloodless Animals: Of Insects. Of Testacca. Of Crustacea. Of Cephalopods.
685 b 30 ch. 10 External Parts of Blooded Animals (a) Vivipara, (b) Ovipara.
686 a G 686 a 24	(a) Vivipara: Head and Neck. Hands and Feet and relative proportion of limbs. Beginning from Man, whose position is upright, there is a gradation of declivity in the animals, continuing to the plants, which are upside-flown.
687 a 2	Nature’s habit in assignment of organs. The structure of the human hand, etc.
G88 a 12 689 a 4 (380 1» 2 Π90 a δ 090 b 12 090 b 18 G92 b 4 G95 b 2	Breast. Excretory organs. Rear parts. Hoofs, hucklebones, etc. (b) Ovipara: (i)	Serpents and Quadrupeds. (ii)	Birds. (iii)	Fishes.
17
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697 a 15	(c) Intermediate Creatures:
Cetacea.
Seals and Bats. Ostrich.
697 b 27	Conclusion.
Method of A glance at the summary will show clearly the Beat ion" order of subjects which Aristotle lays down in the first book to be followed in a treatise such as the one in -which he is engaged.
First, (A) to describe the parts of animals as they are observed to be ; and
then, (B) to give an account of their causes, and their formative processes.0 Under (A) the order of preference is to be : first, the parts (1) common to all animals ; (2) where necessary, those common to a group of animals only ; and lastly, (S) in exceptional instances, those peculiar to a single species.
Also, it will be seen how Aristotle works out this scheme in the three books which follow. Before considering that, however, we should notice that Aristotle has a great deal to say about the correct classification of animals—or rather, against the incorrect classification of them. Chiefly, he inveighs against the method of dichotomy ; and his chief objection to it is a simple and effective one—that it does not work. It forces us to assign to each species one distinguishing mark, and one only (642 b 21— 64·3 a 24). And it cuts off kindred species from each other on the strength of some quite subordinate
° De partibus is concerned chiefly with the causes and less *	with the processes.
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characteristic (642 b 10 foil.). The right method, says Aristotle, is to follow popular usage and divide the animals up into well-defined groups such as Birds and Fishes.a And this leads him to distinguish two stages of difference :
(a)	Cases in which the parts differ “ by excess or defect ”—as in different species of the same genus or group.
(b)	Cases in which the resemblance is merely one of analogy—as in different genera.
Examples of (σ) : differences of colour and shape ;
many or few ; large or small ; smooth or rough ; e.g. soft and firm flesh, long and short bill, many or few feathers.
(b) bone and fish-spine ; nail and hoof ; hand and claw ; scale and feather.
(Reff. for the above, De part. an. 6 I4 a 11-b 15 ; Hist, an. 48G a 15-b 21. See also Gen. An. (Loeb), Introd.)
The doctrine of differences of “ excess and defect,” “The mor« or, as Aristotle also calls them, of “ the more and and leS3' less,” may usefully be compared with that which underlies the modern theory of Transformations, and the comparison of related forms. Indeed, Professor D’Arcy Thompson asserts that “ it is precisely . . . this Aristotelian ‘ excess and defect ’ in the case of form which our co-ordinate method is especially adapted to analyse, and to reveal and demonstrate as the main cause of \vhat (again in the Aristotelian sense) we term ‘ specific ’ differences ” (Growth and
° And of course, into Blooded and Bloodless, though there are, as Aristotle points out, no popular names for these groups.
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Form, ρ. 726). The co-ordinates to which he refers are those of the Cartesian method, on which is based the theory of Transformations. By means of them it is possible to exhibit, say, the cannon-bones of the ox, the sheep, and the giraffe as strictly proportionate and successive deformations of one and the same form. These deformations can be either simple elongations, as in the instance just cited, or they may occur according to an oblique or a radial system of coordinates, etc.a In this way, differences of “ excess and defe'ct ” are reduced to the terminology of mathematics ; and it is especially interesting to notice this, as the phrase “ excess and defect ” itself had, in the Greek of Aristotle’s time, a mathematical connexion. With it may be compared the well-known Platonic phrase, “ the great and small.” But this is not the place to enlarge upon such topics.6
Classifies- To return to Aristotle’s classification. We find ^ that he implements his preliminary outline in the following way :
I. First, he treats of the parts which are found in many different groups of animals, and also those wliich are to be considered counterparts of each other in different groups. This corresponds to A (l) above.
II. As he proceeds with this, he comes to the Viscera, which occur only in blooded animals.® This provides a convenient point for embarking upon liis second main division—corresponding
° For details see D’Arcy Thompson, op. cit. ch. xvii.
6 The reader is referred to A. E. Taylor, “ Forms and Numbers,” in Mind, xxxv. 419 foil. ; xxxvi. 12 foil. ; D’Arcy Thompson, “ Excess and Defect,” in Mind, xxxviii. 43 foil.
c By “ viscera ” Ar. means the blood-like ones only.
20
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to A (2) above—the parts common to a group of animals, and we have first :
The Internal Parts of Blooded Animals.
III.	This is followed by—
The Internal Parts of Bloodless Animals. Then,
IV.	The External Parts of Bloodless Animals. Then,
V.	The External Parts of Blooded Animals,
which includes—
(a)	Yivipara.
(b)	Ovipara.
(i)	Serpents and Quadrupeds.
(ii)	Birds.
(iii)	Fishes.
(c)	Intermediate Creatures.
References to exceptional instances, as to Man, corresponding to the division A (3) above, are of course to be found throughout the work.
Aristotle thus works out the main lines of his classification. And in each instance, where possible, he endeavours to assign the Cause, to name the purpose, which is responsible for the parts as he describes them. This corresponds to (B) above.
And here Aristotle is forced to admit an apparent Necessity, addition to his scheme of Causes. The purpose, the good End, the final Cause, cannot always get a free hand. There is another Cause, Necessity. Aristotle takes great care to explain what is the nature of this Necessity (642 a 2 foil.). It is what he calls Necessity “ ex hypothesior “ conditional ” Necessity, the sort of Necessity which is implied by any final Cause being what it is. If a piece of wood is to be split by an axe, the axe must ex hypothesi be hard and sharp, and that necessitates the use of bronze or
21
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iron in the making of it. The same sort of Necessity applies in the works of Nature, for the living body itself is an instrument. It is thus the final Cause which necessitates the various stages of the process of formation and the use of such and such material.
Another kind of Necessity, however, makes its appearance in Natural objects, and that is “ simple ” Necessity. The mere presence of certain things in a living organism entails of necessity the presence of others (see 645 b 32, 677 a 17, b 22). Some results follow inevitably from the very nature of the material used. This “ simple ” Necessity can therefore be regarded as a reassertion of themselves by the motive and material Causesa as against the final Cause. Sometimes, however, even in circumstances Avhere “ simple ” Necessity operates, Nature is able to use the resulting products to subserve a final Cause (663 b 22, 32, 677 a 15 ; see also the note on Residues, p. 32). Cf. Gen. An. (Loeb), Introd. §§ 6-9·
Scheme Of The following table will show at a glance the anima s. scjleme Qf Animals as treated of by Aristotle in the De partibus :
A. Blooded Animals	B. Bloodless Animals
Man	Insects
Viviparous quadrupeds	Testacea
Oviparous quadrupeds	Crustacea
and footless animals (reptiles and amphibians)	Cephalopods
Birds Fishes	
* See De gen. an. 778 b 1.
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Intermediate	Intermediate
between the above classes between land and water	between animals and
animals	plants
Cetacea	Ascidians
Seals	Sponges
between quadrupeds and birds	Holothuria Acalephae
Bats Ostrich	
Note on the Four Classes of Bloodless Animals.— These, in order of increasing softness, as noted above, are the following (I give the Greek term, its literal translation, and the term which I have used to translate it in this volume) : τὰ έντομα	insected animals Insects
τα οστρακόδερμα shell-skinned animals Testacea τὰ μαλακόστρακα soft-shelled animals Crustacea τὰ μαλάκια	softies	Cephalopods
In using “Testacea” to translate τὰ οστρακόδερμα (“ the animals -with earthenware skins ”), I use it in the old-fashioned sense, so as to include a number of shelled invertebrates, comprising Gastero-pods, Lamellibranchs, and some Echinoderms. It does not refer to the Testacea of modern zoologists, by whom the term is applied to the Foraminifera which are shelled Protozoa. The word “ Ostraco-derms ” (a transliteration of Aristotle’s word) is now given by zoologists to a group of primitive fossil fishes.
23
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Terminology
Technical The following notes on some of the more difficult terms- and important of the technical terms used by Aristotle in the De partibus will, I hope, help to explain my translation and also io give some indication of the background of Aristotle’s thought. (A fuller account will be found in De Gen. An., Loeb edn.)
Αιτία, “ cause.”
I retain the traditional translation “ cause,” although perhaps in some contexts “ reason ” may be a closer rendering, but a variation in the English term might, well produce more confusion than clarity. To know, says Aristotle, is to know by means of Causes (see Anal. post. 9-1 a 20). A thing is explained when you know its Causes. And a Cause is that which is responsible, in any of four senses, for a thing’s existence. The four Causes, of which two are mentioned very near the beginning of the first book (639 b 11), are :
(1)	The Final Cause, the End or Object towards which a formative process advances, and for the sake of n'hich it advances—the logos, the rational purpose.
(2)	The Motive (or Efficient) Cause, the agent which is responsible for having set the process in motion ; it is that bp which the thing is made.
(3)	The Formal Cause, or Form, which is responsible for the character of the course which the process follows (this also is described as the logos, expressing what the thing is).
(4·) The Material Cause, or Matter, out of n'hich the thing is made.
21
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It will be seen that the first three Causes tend naturally to coalesce under the aegis of the Formal Cause, in opposition to the fourth, the Material Cause, a contrast which is clearly put by Adam of St. Victor in one of his hymns :
effectiva vel formalis causa Deus, etfinalis, sed numquam materia.
Hence, of course, comes the regular contrast of “ form ” and “ matter/’ in which, oddly enough, in modern usage the two terms have almost exchanged meanings. “ Mere form,” “ empty form,” in contrast Avith “ the real matter,” are phrases which indicate a point of view very different from that of Aristotle. An equally drastic reversal of meaning has overtaken the term “ substance,” as controversies on “ transubstantiation,” and the existence of the word “ unsubstantial ” prove. “ Cause ” has certainly been more fortunate ; but its meaning has been narrowed down, so that “ cause ” now usually suggests the “ efficient ” cause only. At the same time, we allow ourselves a wider variety of “ efficient ” causes than Aristotle, and are more ready to admit actions and events or even series of actions and events. We have, in fact, applied Aristotle’s precise terminology to the wider uses of everyday non-technical purposes. For Aristotle, the doctrine of the Four Causes provides an exhaustive and precise classification of the things which can be responsible for another thing’s existence, and by the naming of them the thing can be completely accounted for.
As an illustration the following will serve. Suppose the object to be explained is an oak. The
25
ARISTOTLE
chronological order of the Causes is different from fce their logical one.
(i.) The Motive Cause : the parent oak which ‘ produced the acorn.
(ii.) The Material Cause: the acorn and its nour- c ishment.
(iii.) The Formal Cause. The acorn as it grew , into a tree followed a process of development ‘ which had the definite character proper to oaks.
(iv.) The Final Cause: the end towards which γ’ the process advanced, the perfected oak-tree.
Λόγος.
There are several places in the De partibus where, rather than represent λόγος by an inadequate or misleading -word, I have transliterated it by logos. This serves the very useful purpose of reminding the reader that here is ca term of very varied meanings, a term "which brings into mind a number of correlated conceptions, of which one or another may be uppermost in a particular case. It is an assistance if we bear in mind that underlying the verb λίγαν, as it is most frequently used, is the conception of rational utterance or expression, and the same is to be found ■with λόγος, the noun derived from the same root. Αόγος can signify, simply, something spoken or uttered.’, or, Math more prominence given to the rationality of the utterance, it can signify α rational explanation, expressive of a thing’s nature, of the plan of it ; and from this come the further meanings of principle, or law, and also of definition, or formula, as expressing 26
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the structure or character of the object defined. (Note here the application of the term logos to the Final and Formal Causes, recorded in the foregoing note.) Another common meaning is seen especially
in the use of the dative λόγω (cf. the verb λογίζομαι and its noun)—by reasoning, in thought, as opposed to fact or action. (See 6-tO a 32, Art is the λόγος του έργου 6 avev τί/s ν λι μ; at 616 b 2 we read of the Aoyos of a process of formation sueh as building, and the λόγος of the house which is built ; at 078 a 35 of the λόγος which defines the essence of something, and at 695 b 19 of “ the λόγο? of the essence.” At 639 b 15 the “ Cause for the sake of which ”—the Final Cause—is described as being a λόγος.)
Γevetris, “ formation,” or “ proeess of formation.”
Γίγυεσ-θαι, “ to be formed,” “ to go through a proeess of formation.”
These are the translations which I normally use, as more appropriate in a biological treatise than “ coming into being,” and the like.
The proeess of formation is of course closely connected in Aristotle’s thought with the doctrine of the Four Causes.
Γένεσι? is a process which, at any rate in biology, results in the production of an actual object, a living creature.
Γενεσις is also contrasted with ουσία and φύσις*: the order of things, we are told, in the process of formation is the reverse of the order in reality. For example, the bricks and mortar exist for the sake of the house
° Care should be taken not to regard φύσις as meaning “ the process of φΰεοθαι.”
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which is to be built out of them, but they and not it come first in the order of time and fact. Aristotle sums this up by saying that what comes last in the process comes first in “ nature ” (646 a 25).
Μόριον, “ part.”
The term which occurs in the title of the treatise and is traditionally rendered “ part ” includes more than is normally included in the English “ part of the body.” For instance, this would not normally be applied to blood, but the term μόριον is applied by Aristotle to all the constituent substances of the body as well as to the limbs and organs. For him, blood is one of the ζγων μόρια (618 a 2 ; see also 661· a 9, 690 a 8). A striking instance of the use of μόριον in this sense is the phrase τὰ ομοιομερή μόρια, which are the subject of the next following note.
Τὰ ομοιομερή μόρια, “ the uniform parts.”
Τὰ ανομοιομερή μόρια, “ the non-uniform parts.”
Aristotle’s application of the term μόριον to both these classes emphasizes the inclusiveness of its meaning. As examples of the “ uniform ” parts he mentions (647 b 10) blood, serum, lard, suet, marrow, semen, bile, milk, flesh—these are soft and fluid® ones ; also bone, fish-spine, sinew, blood-vessel— these are hard and solid ones. Of “ non-uniform ” parts he gives as examples (610 b 20) face, hand, foot.
The relation of the “ uniform ” parts to the “ non-uniform ” he describes as follows (647 b 22 foil.) :
° For the meaning of “ fluid ” and “ solid ” see below, p. 32.
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(а)	some of the uniform are the material out of which the non-uniform are made (i.e. each instrumental part is made out of bones, sinews, flesh, etc.) ;
(б)	some act as the nutriment of (a) ;
(c)	some are the residue of (b)—faeces, urine.
It is not possible to equate the two classes with the later division into tissues and organs, since blood, for instance, though “ uniform,” is not a tissue ; the term “ organs,” however, corresponds closely λνϋΐι Aristotle’s cnvn description — τὰ οργανικά μέρη (647 b 23), “ instrumental parts.”
The practical difference between the two classes is that each of the uniform parts has its own definite character as a substance (in the modern sense), while each of the non-uniform parts has its own definite character as a conformation or organ. The heart is the only part λν-hich belongs to both classes (647 a 25 foil.) : it consists of one uniform part only, namely, flesh ; but it also has essentially a definite configuration, and thus it is a non-uniform part.
Three stages or “degrees of composition,” so far as biology is concerned, are enumerated by Aristotle (at 64-6 a 13 foil.). What Aristotle seems to mean, though he has not expressed himself quite clearly, is that there are three stages involved in the composition of compound bodies, namely,
(1)	the δυνάμεις (see following note) ;
(2)	the uniform parts ;
(3)	the non-uniform parts ;
and finally, of course, out of the non-uniform parts
(4)	the animal itself is composed.
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We have thus:
(1)	the simplest sorts of matter ;
(2)	the simplest organic substances compounded out of the foregoing (having no definite size, shape, or structure) ;
(3)	the instrumental parts of the body constructed out of the foregoing (having definite size, shape, and structure) ; and
(4)	the organism as a whole, assembled out of the foregoing.
Note.—For a description of the way in Avhich the term τα ομοιομερή has caused confusion in the accounts of Anaxagoras’s theories see Class. Qu., 1931, xxv. 34> following.
Δήνα μις.
This is one of the most difficult terms to render in English.
The specialized meaning of δυνάμει, “ potentially,” as opposed to ενεργεία, “ actually,” is so well known that there is no need to enlarge upon it here. Nor need I discuss the mathematical meaning of δνναμις. Other meanings need some comment.
(1)	Δύνα/xis was the old technical term for what ΛνβΓβ later to be called στοιχεία (elements). It appears in the writings of the Hippocratic corpus and in Plato’s Timaeus. The best example of its use in De partibus is at the beginning of Book II. (646 a 15). The list of δυνάμειs included the substances known as το υγρόν, το ξηρόν, το θερμ,όν, το ψυχρό ν, το τΓίκρδη’, το γλνκν, το δριμν, etc., etc. Only the first four of these were regarded by Aristotle as 30
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the material of compound bodies : all the “ other differences,” he says, are consequent upon these.
The original meaning underlying this usage of the term seems to have been “ strong substance of a particular character.” This would be very appropriate to το δριμν, το πικρόν, etc. (see IIept άρχαιης ίητρικψ). Tliere is no notion here of the substance having power in the sense of power to affect an external body in a particular way. (This meaning developed later.) If any effect did result, it would be described simply as the presence of the strong substance, and the remedy for it was to “ concoct ” the strong substance or otherwise to brine it into a harmless condition by “ blending ” it with other substances.
(2)	As each of the substances known as δυνάμεις has its own peculiar character, sharply marked off from the others, the meaning of “ peculiar and distinctive character ’’ was naturally associated with the term. This seems to be its meaning in 655 b 12 :
ανάγκης δέ ταΰτα πάντα γεώδη και στερεάν εχει την φνσιν’ όπλου γάρ αvt η δνναμις. Indeed, in this meaning, δνναμις seems to be a slightly more emphatic version of φύσις, with which it is often used in conjunction (in Hippocrates, for instance), or in a parallel way as in the passage just cited. Compare also 651 b 21, where the marrow is asserted to be αίματός τις φύσις, not, as some suppose, της γονής σπερματική δνναμις. Other instances of this use of δνναμις will be found in De partibus.
(3)	From this usage it is not far to the idiomatic, pleonastic usage, e.g. :
678 a IS η των εντ'ερων δνναμις almost = τὰ έντερα.
682 b 15 η των πτερών δνναμις.
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657 a 4 η των μνκτήρων δνναμις διφνης.
This is paralleled by a similar usage of ψίσις:
663 a 34· η των κεράτων φύσις.
676 b 11 η των εντερων φύσις.
(Other references for δνναμις : 640 a 24, 646 a 14, b 17, 650 a 5, 651 b 21, 652 b 8, 12, 653 a 2, 655 b 12, 658 b 34. See further Gen. An., Loeb edn., Introcl. §§ 23 ff.).
To vypov και τδ ξηρόν, “ fluid substance and solid substance,” “ the fluid and the solid.”
These are two of the δυνάμεις.
Following Ogle, I use these renderings as being more in conformity with the definitions given by Aristotle than “ the moist and the dry,” which have often been used. Actual]}1· neither pair of English words quite expresses the Greek. Aristotle’s definition of them (at De gen. et corr. 329 b 30) is this :
“ vypov is that which is not limited by any limit of its own but can be readily limited, ξηρόν is that which is readily limited by a limit of its own but can with difficulty be limited ”—i.e. of course by a limit imposed from without.
He discusses the various senses in which these terms are used at 64-9 b 9 following.
Περίττωμα, “ residue.”
This term I have translated throughout “ residue,” 32
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as being more literal and at the same time less misleading than “ excrement.” “ Surplus ” -would have been even better if the word had been a little more manageable.
“ Residue ” is so called because it is that which is left over when the living organism, by acting upon the nutriment which it has taken, has provided itself with a sufficient supply for its upkeep. Some of the surplus will be useless material contained in the food from the outset, or else has been produced during the process of reducing the food into a condition suitable for its purposes in the body. The useless residues include the excrements. In order to appreciate the status of the useful residues the outlines of the processes through which the food passes must be kept clearly in mind. Briefly, then, the food is masticated in the mouth, then passed on to the stomach and then the heart, where it is concocted a by means of heat—in other λυοι-οΙξ, it is turned into blood, which is the “ ultimate nourishment ” ; and this, when distributed into the blood-vessels, supplies the body with nutrition. Generally, however, more blood is produced than is necessary for the actinal upkeep of the body, and this surplus undergoes a further stage of concoction, and is used by Nature in various ways. Marrow is a residue ; so are semen, catamenia, milk. Sometimes, when nutrition is specially abundant, the surplus blood is concocted into fat (lard and suet). vVnd some of the blood, reaching the extremities of the vessels in which it travels, makes its way out in tlie form of nails, claws, or hair. The Aristotelian doctrine of residues came down to Shakespeare, as is shown by the passage “ See page 34.
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in Hamlet (in. iv.) where the Queen says to Hamlet:
Your bedded haire, like life in excrementss Start up, and stand an end.
Tliis theory, as applied to hair, is expounded by Aristotle at 658 b 14- following, and modern biochemists have reason for believing that some pigmentation in animals, such as the black melanin of mammalian hair, or the yellow xanthopterine of the butterfty’s wing, is physiologically a form of excretion.
“ Concoct,” “ concoction.”
These terms, which have already appeared in these notes, are used to translate πεσσειν, ττεψίί. The Greek words are the same as those employed to denote the process of ripening or maturing of fruit, corn, and the like by means of heat—also that of baking and cooking.
Terms sometimes associated with these are μεταβολή and μεταβάλλεiv. For example, at 650 a 5 we read that /reipis and μεταβολή take place διὰ τί/s τον θερμόν διψάμεως ; and at 651 b 26, as the creatures grow and get “ matured,” the parts μεταβάλλει their colour, and so do the viscera.
Ψυχή, “ Soul.”
The English word “ Soul,” as will be seen, overemphasizes, when compared -with ψιχή, certain aspects of the Greek term, but it is by far the most convenient rendering, and I have used it in preference to “ life ” or “ vital principle.”
It will be useful to have an outline of Aristotle’s general doctrine about Soul.
The different “ parts ” or “ faculties ” of Soul can 31
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be arranged in a series in a definite order, so that the possession of any one of them implies the possession of all those which precede it in the list :
(1) nutritive Soul in all plants
At 641 a 23 Aristotle speaks of “ parts ” of the Soul, and though he often uses this phrase, the description he prefers is “ faculties.” In the passage which follows (G1-1 a 33 foil.) all except appetitive Soul are mentioned. Sentient Soul is mentioned again at 650 b 21·, GG7 b 23, 672 b 16.
Aristotle raises the question whether it is the business of Natural science to deal with Soul in its entirety, and concludes that it is not necessary, since man is the only animal in which rational Soul is found. Thus it is only some part or parts of Soul, and not Soul in its entirety, which constitute animal nature.
In the passage Gil a 14 following, Aristotle takes for granted his doctrine about Soul, which is as follows {De anima, Book II.). Animate bodies, bodies “ Avith Soul in them” (e'/ζψΐ’χα), are “concrete substances ” made up of matter and form. In this partnership, of course, the body is the matter and the Soul is the form. Thus Soul may be described as the “ form ” or “ realization ” {evTe\k\eia, “ actuality ”) of the animal (cf. De part., loc. eit.).
This statement, however, is elsewhere made more precise. It is possible to distinguish tiro “ realizations ” of an animal ; for an animal “ has Soul in it ”
(5) rational Soul in man only
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even when it is asleep, but its full activity is not evident until it is awake and about its business. We must call Soul, then, the “ first realization ” of the animal, its waking life its “ second realization.” This distinction does not concern us in the Departibus. But an expansion of the definition is not irrelevant. Aristotle states that the Soul is the first realization of a body furnished -with organs. The priority of Soul over body is emphasized in the passage just referred to (610 b 23—641 a 32), and in another interesting passage (6S7 a 8 foil.) Aristotle maintains that man has hands because he is the most intelligent animal, and not, as some have said, the most intelligent animal because he has hands.
With this is connected the question whether the Soul is independent of the body ; though it is not raised in De partibus. As we have seen already, a ζωον is a single concrete entity made up of Soul and body, i.e. a certain form implanted in certain matter. The matter can exist, for it did exist, apart from the form ; and as the form that is implanted in all the individuals of a species is one and the same form, clearly it can exist apart from any one individual’s matter—though of course its existence is not independent of all the individuals’ matter. Furthermore, the form—the Soul—requires matter of a particular kind : not any sort of matter will do. From these considerations two conclusions seem to follow :	(1) that transmigration is impossible :	a
human Soul cannot function in a hyena’s body, any more than the carpenter’s art can be executed by means of musical instruments ; (2) the Soul cannot function without a body at all; cannot, we may say, exist (414 a 19).
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So far, so good. But Aristotle is not satisfied. He feels the Soul is more than that. He finds a loophole. There may be some “ part ” of Soul (the rational part) Avhich is not the “ realization ” of any body. The Soul, besides being the form, the formal Cause, of the body, is also its final Cause, and not only that, but the motive Cause too of all the changes originated in the body (De anima 415 b 7-28), for, as we saw (p. 25), the three non-material Causes tend to coalesce into one. This independent “ part ” of Soul “comes into the body from without” (see De gen. an. 736 b 25 foil.) and continues to exist after the death of the body (see De anima 413 a 6, b 21 foil., 430 a 22, etc.). All this, however, raises problems not touched upon in De partibus; indeed Aristotle himself offers no solution of them.
Ψυχή, Kpacris, απόκρισις, σνντηξις.
I have indicated above, in the note on δνναμις, some of the older (Hippocratic) medical terminology of which traces are to be found in the De partibus. There is no room for an adequate discussion of such terms and theories, and the following bare references must suffice.
In the Hippocratic treatise Ilepi διαἱτ?;? the theory is put forward that the human organism, body and Soul alike, is composed of fire and water (which really consist of “ the hot,” “ the solid,” “ the cold,” and “ the fluid ”)—the function of fire being to cause motion, of water to provide nourishment. In ch. 35 we have a list of the different varieties of Blend (κρήσι?, ο-νγκρησis) of fire and water which may be
37
ARISTOTLE
found in the Soul in different individuals, and upon the Blend its health and sensitivity a depend.
With these statements may be compared the following passages in De partibus :
652 b 8	Some, says Aristotle, maintain that the
Soul is fiic ; but it is better to .say that it subsists in some such material. “ The hot ” is indeed the most serviceable material for the functions which the Soul has to perform, and these include nourishing and causing motion.
647 b 30 foil. Here is a reference to the different varieties of blood, and Aristotle tells us which sort of blood is αίσθητικωτψον and which animals are on that account φρονιμώτΐρα (cf. 650 b 24 and 686 b 28). The phrase αίματος κράσις is actually used at 686 a 9· (Cf also 650 b 29, the κρασι-ζ in the heart; 652 b 35, the parts in the head are colder than the σύμμετρος κρασις ;	6G9 a 11, the κρασις
of the body ; 673 b 2G, its ευκρασία.)
The term σΰντηξι?, which occurs frequently in the Περί διαίτης, is found only once in the De partibus at 677 a 14—bile is said to be a residue or σίντηξις. Properly speaking, σύΐ’-Afis is the term applicable to the “ colliquesccnce ” or decay of the parts of the body themselves. (Cf. σύνταγμα at De gen. an. 724 b 2(> foil.; also σνντηξις, 456 b 31; cf. also Platt’s note at the end of his translation of De gen. an., on 72i b 27.) The effect of the colliquescence is to produce an *
* The adjective used is φρόνιμος.
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unhealthy άπόκρισις (abscession)—a very common term in Περί διαίτψ (see chh. 58 foil, throughout). It occurs twice in De partibus. In both places it is used of a 7τερίττωμα. At <390 a 9 the surplus earthy matter άπόκρισιν λαμβάνει, and forms a continuous nail or hoof. At 681 b 35 Aristotle speaks of the place where the σπερματική or the περιττωματικη απόκρισή is effected ; and here άπόκρισis seems to mean simply “ act of excretion.” The meaning of the term seems both here and in Hippocrates to be specially associated with περιττώματα, either useful ones, or useless and even harmful ones. A great deal of Περί διαίτψ is taken up with suggestions for getting rid of harmful αποκρίσεις.
The meaning of άπόκρισ ις is therefore wider than “ excretion ” or “ secretion,” as used in their present usual sense, though these are included among its meanings.
T6 μάλλον καί ήττον, “ the more and less,” see above, p. 19, and Gen. An. (Loeb), Introd. 70 ff.
Translations of Aristotle’s Zoology
The history of the translation of Aristotle’s works Transla-begins with the Nestorian Christians of Asia Minor, Aristotle’s who were familiar with the Greek language as their zoologieal service-books were written in it, and before the coming of the Arabs they had translated some of the works of Aristotle and Galen into Syriac. Before
39
ARISTOTLE
435, Ibas, who in that year was made Bishop of Edessa, had translated into Syriac the commentaries of Theodore on the works of Aristotle. Jacob, one of Ibas’s successors at Edessa (d. 708), translated the Categories into Syriac, but a much earlier version had been made by Sergios of Ilesh 'Aina (d. 536), who had studied Greek at Alexandria. In 765 the Nes-torian physician Georgios was summoned to Bagdad by the Caliph, and translated numerous Greek words into Arabic for him. By the beginning of the ninth century, translation was in full swing at Bagdad, under the Caliphate of al-Mamun (813-833), son of Harun-al-Rashid. The first leader of this school of translators was the physician Ibn al-Batriq, who translated the Historia animalium, the De partibus animalium, and the De generatione animalium into Arabic.
But it was through southern Italy, Sicily and Spain that the transmission of Aristotle’s -works from the Arabic into Latin was effected. Messina had been recovered from the Saracens by 1060, and the whole of Sicily was freed by 1091. Under the Norman kings, Greeks, Saracens and Latins lived together in one community, and the court was the meeting-ground for eminent persons of all nations and languages. The reconquest of Spain had begun in the eighth century, so that here also an opportunity offered for making the \vorks of Greek science available in Latin. Archbishop Raymond of Toledo (1126-1151) and Bishop Michael of Tarazona (1119-1151) were the patrons of the translators, λυΙιο made Toledo the centre of their activity. One of these was Michael Scot.
There is in existence an Arabic translation of
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the zoological λνόγΙ^, of Avhich there is a inis, in the British Museum." It is probable that this is the translation made by Ibn al-Batriq, and that this Arabic version is the original from which Michael Scot made his Latin translation at Toledo.6 Michael was, among his other accomplishments, astrologer to Frederick II., King of Sicily, at his court at Palermo, and before 1217 he had reached Toledo and Avas at work there on his translations from the Arabic. His De animalibus (a translation of the zoological works in nineteen books) is one of his earliest works, and two mss. of itc contain a note which gives a later limit of 1220 for the work. Other evidence d establishes that it was certainly finished before 1217, and it may even be placed in the first decade of the century. It is probable that Michael had as collaborator one Andrew, canon of Palencia, formerly a JeAV. One of the earliest to make use of Michael’s translations was Robert Grosseteste,e Bishop of Lincoln (d. 1253)j one of the leading Aristotelian scholars of the time, who quotes from Michael’s version of
° B.M.Add. 7511 (13th—I Ith century). This is the ms. referred to by Steinschneider, Die aralischen Ubersetzungen p. 64·. as B.M. 437. I have seen this ms.
b Judging from the passages which Dr. Pi. Levy kindly-read for me in the Arabic ms., the Latin version is a close translation from it. Also, the contents-preface which is found prefixed to Michael Scot’s translation corresponds exactly with the preface which precedes the Arabic version in this srs. (see the B.M. catalogue, Catalogue codicum manuscrip-torum orientalium, p. 215).
c One of them is ms. Caius 109, in the library of Gonville and Caius College, Cambridge. It is of the thirteenth century.
d See S. D. Wingate, The Medieval Ijatin Versions, p. 75.
* Born at Stradbroke, Suffolk. A Franciscan.
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De generatione.a The De animalibus also formed the basis of a commentary in twenty-six books by Albertus Magnus.6 This was probably written soon after the middle of the thirteenth century. Except for the portions -which appear in Albertus’s commentary, and the earlier part of the first chapter,c Michael’s version has never been printed in extenso. Michael died in or before 1235, and is reputed to have been buried, as he was born, in the Icm’lands of Scotland.
About the same time, at the request of a pupil of Albertus, St. Thomas Aquinas (1227-1274), who required more accurate versions for his commentaries on the works of Aristotle, new translations, direct from the Greek, were being undertaken by William of Moerbeke.d William -was born about 1215. He became a Dominican, -was confessor to Popes Clement IV. and Gregory X., and was Archbishop of Corinth. He acted as Greek secretary at the Council of Lyons in 1274. He died in 12SG. The earliest dated translation made by him is one of the Depariibus animalium. The date 1260 occurs in a ms. of it at Florence (Fae-sulani 168), which also contains Hist, an., Deprogressu an., and De gen. an. This translation was made at Thebes.
Among later Latin translators of the zoological
“ According to Roger Bacon, Michael appeared at Oxford in 1230, bringing with him the works of Aristotle in natural history and mathematics.
” Ed. princeps, Rome, 1178 ; latest ed., H. Stadler, 1916-1921.
c 639 a 1—640 a 20, printed by G. Furlani in Rivista degli Studi Orientali, ix. (1922), pp. 246-249.
d A small town south of Ghent on the borders of Flanders and Brabant.
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works the names of two Greeks must be mentioned.
George of Trebizond (Trapezuntius), who was born in Crete in 1395, visited Italy between 1430 and 1138, and Avas secretary to the humanist Pope Nicholas V., an ardent Aristotelian. George’s work, however, was hurried and not over-exact, and he, together with his predecessors, Avas superseded by his contemporary Theodore of Gaza, Λν-ho was born in Thcssalonica about MOO, and was professor of Greek at Ferrara in 1447. In 1450 Theodore was invited by the Pope to go to Rome to make Latin versions of Aristotle and other Greek authors. Ilis translation of the zoological works γ’ dedicated to the Pope, Sixtus IV., soon became the standard version, and it is printed in the Berlin edition of Aristotle.
Translations of the De gen. were made by Augustinus Niphus, of the University of Padua (1173-1546), and of the De gen. and De incessu by Peter Alcyonius (Venice, 1487-1527'). The De gen. was also translated by Andronicus Callixtus of Byzantium (d. 1478).
With the later Latin versions we need not here concern ourselves, but something must be said of the scientific workers who were inspired by Aristotle, and of the translations into modern languages.
The Renaissance biologists show unmistakably the Aristotle’s difference in quality which there is between Aristotle’s successors, physics and his biology. Hieronimo Fabrizio of Acquapendcnte (1537-1619) knew and admired Aristotle’s work on embryology, and what is more, himself carried out further important observations on the same subject. His brilliant successor, William Harvey (1578-1657), was a student of Aristotle, and
α In eighteen books, excluding the spurious tenth book of the Historia animalium.
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much of his inspiration came from that source. William Harvey was the first to make any substantial advance in embryology since Aristotle himself. But this is more appropriate to the De generatione than to the De pariibus. In other departments of study, however, during the seventeenth century, the authority of Aristotle and the scholastic doctrine with which he Avas identified Avere being combated in the name of freedom, and thus it came about that the zoological works also, which had been brought to light by the dark ages, were allowed to pass back into oblivion by the age of enlightenment. They were not rediscovered until the end of the eighteenth century by Cuvier (1769-1832) and Saint-Hilaire (1805-1895) in the nineteenth.
Modern Editions
1.	The Berlin edition of Aristotle, by Immanuel Bekker.
Vol. i. (pp. G39-G97) includes P.A. Berlin, 1831.
1a. The Oxford edition (a reprint of the preceding), Vol. ν. includes P.A. Oxford, 1837-
2.	One-volume edition of Aristotle’s works, by C. II. Weise
(pre-Bekker text). Leipzig, 1843.
3.	The Leipzig edition. Vol. v. contain? P.A., edited and
translated into German by A. von Frantzius. Leipzig, 1853.
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pletas. Vol. X contains De partibus and De incessu animalium. Spanish translation, without notes. Vol. lxii. of Nueva Biblioteca Filosofica. Madrid, 1932.
Langkavel reproduces almost verbatim the Berlin text, together with Bekker’s apparatus, to which a great deal of other matter has been added, including some of Bekker’s ms. notes in his copy of Erasmus’s edition, and some corrected reports of the readings of the ms. E, which Langkavel himself inspected. Also, there are some emendations proposed by Bonitz.
Any English translator must stand very much indebted to the work of William Ogle, whose translation, originally published in 1882, was revised by its author and republished in the Oxford series of translations of Aristotle in 1911. It is not possible to overrate the care «and exactness with which this piece of work was executed. I should like here to .acknowledge my own indebtedness to it, and I have had its accuracy as a model before me. With regard to style, it will be seen that I have aimed at producing something rather different from Ogle’s version.
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Τι if. Text
The mss. The manuscript authorities cited by Bekker for the De partibus λυϊΙΙ be found on p. 50.
The dates of some of the mss. as given by different scholars vary considerably : for details I refer the reader to the various catalogues, and also to L. Ditt-meyer's edition of Ilist. an. (Leipzig, 1907) and W. W. Jaeger’s edition of De an. motu, etc. (Leipzig, 1913). Restoration I have relied upon the apparatus of Bekker and of the text. Lang^avel for the readings of the Greek mss., except for those of Z, the oldest parts of which I have collated from photostats ° ; and at several places I have inspected the ms. itself. In some places (e.g. 663 b 17, 685 a 2, 16) I found the reading had been defectively reported. It is clear that a more reliable collation of the chief mss. of De partibus is clearly needed. From a different source I have attempted to restore intelligibility to several corrupt passages with the aid of the Arabic version and the Latin version of Michael Scot, which represent an earlier stage of the Aristotelian text than our Greek mss. Among the passages dealt Anth in this way are the passage at 654 b 14 following, which has been dislocated by glosses and phrases imported from elseAvhere, and the remarkable passage about the structure of the Cephalopods at 684 b 22 following, where considerable havoc has been done to the text by references to a diagram which were inserted at some period between the date of the ms. from λυΙιϊοΗ the Arabic version was made and that of the archetype of all our present Greek mss. I have been able to restore this passage, though not always the actual Greek words, by reference to the Arabic version and Michael Scot’s Latin ° See additional note on p. 43-i.
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translation made from it. Dr. Reuben Levy has most kindly read this passage for me in the I3th-14th century Arabic ms. in the British Museum, Add. 7511.
For these two passages, and for a £ood many other suspected places, I have consulted all the known mss. of Michael Scot’s version which are to be found in this country. They are (excluding mss. which contain merely abridgements or extracts) :
Cambridge, Gonville and Cains College 109 ,, University Library Ii. 3. 16 „	„	'	„ Dd. 4.30
Oxford, Merton College 278 ,, Balliol College 252 London, British Museum Hoyal 12. C. XV „	,,	„	3lari. 4970 0
Λ11 these are of the thirteenth or fourteenth century.
I have inspected at test places the following three mss. of William of Moerbeke’s version :
Oxford, Merton College 270 „	„	271
„ Balliol College 250
William’s translation was made from a ms. or mss. λνΐηοΐι had already been infected by the corruptions found in the Greek mss. which exist to-day.
I should like here to express my thanks to the Librarians who so kindly made arrangements for me to inspect the mss. under their care.
Where I have accepted the reading of the Berlin Scopp of edition, I have not given any record of the ms. vari-ants. These are to be found in the apparatus criticus of that edition and of Langkavel’s edition. •
• So far as I know, this ms. has not been mentioned in any of the published lists of mss. of Michael Scot’s De animalibus.
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I have endeavoured, except in the passage G91 b 28 to G95 a 22 in the fourth Book, to record all places where I have departed from the text of the Berlin edition, and I have given the source of the reading which I have adopted. Where Bekker himself introduced a reading different from that of the mss., this is attributed to him by name.
Punctna- I have not recorded all of the many passages in l0n’ which I have corrected the punctuation. The text has been reparagraphed throughout.
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E Parisinus regius 1853 (see ρ. 431)
Y Vaticanus graecus 261
Ζ Oxoniensis Coll. C'orp. Chr. W.A. 2. 7 (see p. 434 U Vaticanus 260 Ρ Vaticanus graecus 1339 S Laurentianus Mediceus 81. 1 Q Marcianus 200 b Parisinus 1859 m Parisinus 1921
Michael Scot’s Latin version, from my own transcription.
The usual reading, as in the Berlin edition.
Emendations proposed by Langkavel in his edition.
Emendations proposed bv William Oglr in footnotes to his translation. Emendations proposed by Arthur Platt, either (a) in “ Notes on Aristotle,” in Journal of Philology, 1913, xxxii. 292 following, or (b) recorded by Ogle in footnotes to his translation.
(Suggestions in private communication-to me from Professor Cornford and Mr. Rackham.
Ch. Thurot, in Rev. Arch., 1867.° Emendations proposed by myself.
a Of over 100 textual points many being of minor importance, raised by Th., about a third had been dealt with in my first edition (before Th.’s work came to my notice), some of them more fully, by other scholars or myself. Some of Th.’s other suggestions have been adopted in this edition.
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The maister Cooke was called Concoction.
Spenser, Faerie Queen
ΑΡΙ2ΤΟΤΕΛΟΤ2 ΠΕΡΙ ΖΩΙΩΝ ΜΟΡΙΩΝ
Α
639 a Πept πασαν θεωρίαν τε και μέθοδον, ομοίως ταπεινοτέραν re καί τιμιωτέραν, δύο άαίνονται τρόττοι τής έξεως είναι, ών την μέΐ’ εττιστημ,ην του τράγματος καλώς εχει προσαγορεύειν, την ό’ 5 οΐον παιδείαν τινα. πεπαιδευμένου γάρ εστι κατά τρόπον το δννασθαι κρίνα ι ενστόχως τί καλώς η μη καλώς άποδίδωσιν ό λε'γων. τοιοντον γάρ δη τινα και τον όλως πεπαιδευμένου οϊόμεθ’ είναι, και το πεπαιδεΰσθαι το δννασθαι ποιεί ν το είρημένον. ττλην τούτον μεν περί πάντων ως είπεϊν κριτικόν 10 τινα νομίζομεν είναι ένα τον αριθμόν όντα, τον δε περί τινος φύσεως άφωρισμένης· είη γάρ αν τις ετερος τον αυτόν τρόπον τω είρημένω διακείμενος περί μόριον, ώστε δήλον ότι και τής περί φνσιν ιστορίας δεΐ τινός νπάργ_ειν όρους τοιοντονς προς ονς άναφέρων άποδέξεται τον τρόπον τών δεικνυ-52
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BOOK I
There are, as it seems, two ways in which a person may be competent in respect of any study or investigation, -whether it be a noble one or a humble : he may have either what can rightly be called a scientific knowledge of the subject; or he may have ■what is roughly described as an educated person’s competence, and therefore be able to judge correctly which parts of an exposition are satisfactory and which are not. That, in fact, is the sort of person we take the “ man of general education ” to be ; his “ education ” consists in the ability to do this. In this case, however, we expect to find in the one individual the ability to judge of almost all subjects, whereas in the other case the ability is confined to some special science ; for of course it is possible to possess this ability for a limited field only. Hence it is clear that in the investigation of Nature, or Natural science, as in every other, there must first of all be certain defined rules by which the acceptability of the method of exposition may be tested, apart from whether the statements made
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is μόνων, χωρίς του πως εχει τάληθες, είτε ούτως είτε ά/\λως. λόγω δ’ οίον πότερον δει Ααμβάνοντας μίαν εκάστην ουσίαν πepl ταυτης διορίζειν καθ’ αυτήν, οΐον περί ανθρώπου φύσεως ή λέοντος ή βοός ή καί τινος άλλου καθ' έκαστον προχειριζο-μενους, ή τα κοινή σνμβεβηκότα πάσι κατά τι κοινόν ύποθεμενους—πολλά γάρ υπάρχει ταύτά 20 πολλοΐς γενεσιν ετεροις οΰσιν άλλήλων, οΐον ύπνος, αναπνοή, αυζησις, φθίσις, θάνατος, καί προς τούτοι? όσα τοιαΰτα των λειπομενων παθών τε καί διαθέσεων άδηλον γάρ καί αδιόριστο ν εστι λέγειν νυν περί τούτων φανερόν δ’ ότι καί κατά μόρος μεν λεγοντες περί πολλών ερονμεν πολλάκις ταύτά· 25 καί γάρ ιπποις καί κυσί καί άνθρώποις υπάρχει των ειρημενων έκαστον, ώστε εάν καθ’ έκαστον τα συμβεβηκότα1 λεγη τις, πολλάκις άναγκασθήσεται περί τών αυτών λέγειν, όσα ταύτά μεν υπάρχει τοΐς e”8et διαφερονσι τών ζώων, αυτά δε μηδεμίαν εχει 30 διαφοράν, ετερα δ’ ίσως εστίν οίς συμβαίνει τήν 639 b μεν κατηγορίαν εχειν τήν αύτήν διαφερειν δε τή κατ’ είδος διαφορά, οΐον ή τών ζώων πορεία· ού γάρ φαίνεται μία τω είδε ι ■ διαφέρει γάρ πτήσις καί νεύσις καί βάδισις καί ερφις.
Διό δει μή διαλεληθεναι πώς επισκεπτεον, λόγω 6 δε πότερον κοινή κατά γόνος πρώτον, εΐθ’ ύστερον
1	τὰ συμβεβηκότα Ogle: τών συμβεβηκότων vulg.
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represent the truth or do not. I mean, for instance, should we take each single species severally by turn (such as Man, or Lion, or Ox, or whatever it may be), and define what we have to say about it, in and by itself ; or should we first establish as our basis the attributes that are common to all of them because of some common character which they possess ?—there being many attributes which are identical though they occur in many groups which differ among themselves, e.g. sleep, respiration, growth, decay, death, together -with those other remaining affections and conditions which are of a similar kind. I raise this, foi· at present diseussion of these matters is an obscure business, laeking any definite scheme. However, thus much is plain, that even if we discuss them species by species, we shall be giving the same descriptions many times over for many different animals, since every one of the attributes I mentioned occurs in horses and dogs and human beings alike. Thus, if our description proceeds by taking the attributes for every speeies, we shall be obliged to describe the same ones many times over, namely, those which although they occur in different species of animals are themselves identical and present no difference whatever. Very likely, too, there are other attributes, which, though they come under the same general head, exhibit specific differences ;—for example, the locomotion of animals : of which there are plainly more species than one—e.g. flight, swimming, walking, creeping.
Therefore we must make up our minds about the method of our investigation and decide whether we will consider first what the whole group has in
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περί των ίδιων θεωρητέον, ή καθ' έκαστον ευθύς. νυν γάρ ου διώρισται περί αύτοΰ, ουδέ γε το νυν ρηθησόμενον, οΐον ττότερον καθάπερ οι μαθηματικοί τα περί την αστρολογίαν δεικνύουσιν, ου τω δει και τον φυσικόν τα φαινόμενα πρώτον τα περί τα ζώα 10 Θεωρησαντα και τα μέρη τα περί έκαστον, επειθ' ουτω λέγειν τό διά τί καί τάς αιτίας, η άλλως πως. προς δε τούτοις, έπεί πλείους όρώμεν αιτίας περί την γένεσιν την φυσικήν, οΐον την θ' ου ένεκα καί την όθεν ή αρχή τής κινήσεως, διοριστεον καί περί τούτων, ποια πρώτη καί δεύτερα πέφυκεν. 15 φαίνεται δε πρώτη ήν λεγομεν ένεκα τινος· λόγος γάρ οντος, αρχή δ' ο λόγος ομοίως εν τε τοΐς κατά τέχνην καί εν τοΐς φύσει σννεστηκόσιν. ή γάρ τή διάνοια ή τή αίσθήσει όρισάμενος ό μεν ιατρός τήν ύγίειαν ό δ’ οικοδόμος τήν οικίαν, άποδιδόασι τούς λόγους καί τάς αιτίας ου ποιοΰσιν έκαστου, καί διότι ποιητέον ούτως, μάλλον δ' 20 εστί τό ου ένεκα καί τό καλόν εν τοΐς τής φύσεως εργοις ή εν τοΐς τής τέχνης. τό δ' εξ ανάγκης ου πόσιν υπάρχει τοΐς κατά φύσιν ομοίως, εις * 1
° This point is resumed and decided below, 614 a 23 ff., 645 b 2 ff.
6 “ Causes.” See Introduction, pp. 24 ff. e “ Formation.” See Introduction, pp. 27 f. d i.e. the “ final ” cause. f i.e. the “ motive ” or “ efficient ” cause.
1 See Introduction, pp. 26 f.	3 Cj. 64a a J4.
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common, and afterwards the specific peculiarities ; or begin straightway with the particular species.® Hitherto this has not been definitely settled. And there is a further point which has not yet been decided : should the student of Nature follow the same sort of procedure as the mathematician follows in his astronomical expositions — that is to say, should he consider first of all the phenomena which occur in animals, and the parts of each of them, and having done that go on to state the reasons and the causes ; or should he follow some other procedure ? Furthermore, we see that there are more causesb than one concerned in the formationc of natural things : there is the Cause for the sake of which the thing is formed/ and the Cause to which the beginning of the motion is due.® Therefore another point for us to decide is -which of these two Causes stands first and which comes second. Clearly the first is that which we call the “ Final ” Cause—that for the sake of which the thing is formed—since that is the logosf of the thing—its rational ground, and the logos is always the beginning for products of Nature as well as for those of Art. The physician or the builder sets before himself something quite definite-—the one, health, apprehensible by the mind, the other, a house, apprehensible by the senses ; and once he has got this, each of them can tell you the causes and the rational grounds for everything he does, and why it must be done as he does it. Yet the Final Cause (purpose) and the Good (Beautiful) g is more fully present in the works of Nature than in the works of Art. And moreover the factor of Necessity is not present in all the works of Nature in a similar sense. Almost all
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639	b η	-	,	- ,	,	,	,
ο 7τειρώνται παντες σχεδόν τους λογους αναγειν, ον διελόμενοι ποσαχώς λέγεται το αναγκαίου, υπάρχει δέ τδ μεν απλώς τοΐς άιδίοις, τό δ’ εξ 25 υποθέσεως και τοΐς εν γενέσει πάσιν ώσπερ εν τοΐς τεχναστοΐς, οΐον οικία και των άλλων ότωοΰν των τοιούτων. ανάγκη δέ τοιάνδε την ύλην ύπ-άρξαι ει εσται οικία η άλλο τι τέλος’ και γενέσθαι τε καί κινηθήναι δει τάδε πρώτον, εΐτα τάδε, και τούτον δη τον τρόπον εφεξής μέχρι του τέλους και 30 ου ένεκα γίνεται έκαστον καί έστιν. ωσαύτως δέ
640	a καί εν τοΐς φύσει γινομένοις. άλλ’ 6 τρόπος της
άποδείξεως καί της ανάγκης έτερος επί τε τής φυσικής καί τών θεωρητικών επιστημών, (εΐρηται δ’ εν έτέροις περί τούτων.) ή γάρ αρχή τοΐς μεν τό ον, τοΐς δέ τό εσόμενον επεί γάρ τοιόνδ’ εστίν ή 6 ύγίεια ή ό άνθρωπος, ανάγκη τόδ’ είναι ή γενέσθαι, άλλ’ ούκ έπεί τόδ’ εστίν ή γέγονεν, εκείνο εξ * *
0 “ Absolute,” i.e. simple or unconditional necessity, belongs to the “ eternal things,” such as the heavenly bodies or the eternal truths of mathematics. For further details see De gen. et corr. 337 b 14· fF.
* At Met. 1025 b ff. Aristotle makes a threefold classification of the sciences into («) theoretical (contemplative), (6) practical, (c) productive. The result of (a) is knowledge only, of (ό) knowledge and action, of (c) knowledge, action, and some article or product. The three “ theoretical ” sciences are theology (i.e. metaphysics), mathematics, and physics (natural science). In the present passage, however, Aristotle contrasts natural science with the “ theoretical ” sciences. This is because he is considering Nature as a craftsman whose craft or science belongs to the third class— the “productive” sciences. Our study of Nature’s science 58
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philosophers endeavour to carry back their explanations to Necessity; but they omit to distinguish the various meanings of Necessity. There is “ absolute ” Necessity,3 "which belongs to the eternal things ; and there is “ conditional ” Necessity, which has to do with everything that is formed by the processes of Nature, as well as with the products of Art, such as houses and so forth. If a house, or any other End, is to be realized, it is necessary that such and such material shall be available ; one thin" must first be formed, and set in motion, and then another thing ; and so on continually in the same manner up to the End, which is the Final Cause, for the sake of which every one of those things is formed and for which it exists. The things which are formed in Nature are in like case. Howbeit, the method of reasoning in Natural science and also the inode of Necessity itself is not the same as in the Theoretical sciences. (I have spoken of this matter in another treatise.6) They differ in the following wav.c In the Theoretical sciences, we begin with what already is ; but in Natural scienee with -what is going to bo : thus, we say, Because that which is going to be—health, perhaps, or man—has a certain character, therefore of necessity some particular thing, P. must be. or must be formed ; not, Because Ρ is now, or has been formed, therefore the other thing (health, or man) of necessity is now may be a “ theoretical ” science, but Nature’s science itself is “ productive.”
c The reasoning process in a “ theoretical ” science, e.g. mathematics, begins, say, with A, and then deduces from it the consequences B, C. I). In a “productive” science, e.g. building, it begins with the house which is to be built, D, and works backwards throiifrh the preliminary stages which must he realized in order to produce the house, C, B, A. Cf. below, 640 a 16 ff.
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64° a	,	,	„ „	„	,	,«5
αναγκης εστιν η εσται. ουο εστιν εις αιοιον συναρτήσω τής τοιαύτης άποδείζεως την αναγκην, ώστ' είπεΐν, επεί τόδ' ἐστίν, ὅτι τόδ’ ἐστιν, δι-ώρισται δε και ιτερί τούτων ἐν ετεροις, και ποιοις υπάρχει και ποια αντιστρέφει καί διά τιν αιτίαν. ίο Αει 8ε μή λεληθεναι και πότερον προσήκει λέγειν, ώσπερ οι πρότερον εποιοΰντο την θεωρίαν, πώς έκαστον γίνεσθαι πεφυκε μάλλον η πώς εστιν. ου γάρ τι μικρόν διαφερει τούτο εκείνου, εοικε δ’ εντεύθεν άρκτεον είναι (καθάπερ και πρότερον εΐπομεν, ότι πρώτον τα φαινόμενα ληπτεον περί 15 έκαστον γένος, εΐθ’ ουτω τας αιτίας τούτων λεκτεον) καί περί γενεσεως* μάλλον γάρ τάδε συμβαίνει και περί την οίκοδόμησιν επεί τοιόνδ’ εστί τό είδος τής οικίας, ή τοιόνδ' εστιν ή οικία ότι γίνεται ούτως, ή γάρ γενεσις ενεκα τής ουσίας εστιν, άλλ’ ούχ ή ουσία ενεκα τής γενεσεως. διόπερ 20 Εμπεδοκλής ούκ όρθώς είρηκε λεγων ύπάρχειν πολλά τοΐς ζωοις διά τό συμβήναι ούτως εν τή γενεσει, οιον καί την ράχιν τοιαυτην εχειν ότι στραφεντος καταχθήναι συνέβη, αγνοεί>ν πρώτον μεν ότι δει τό σπέρμα τό συνιστάν1 ύπάρχειν τοιαυτην 1 συνιστὰν Platt: συστάν vulg. * 6
° Though of course this Necessity has its place in natural science (see 64-2 a 31 ff.). It is, however, not the only sort of Necessity in Natural science, and not the paramount one.
6 See ,De gen. et corr. 3:57 b 25 ff. An example of a non-convertible proposition is : Foundations are necessary for a house to be built. You cannot say, “ If foundations are laid a house must of necessity be built,” because it is not “ absolutely ” and always necessary that a house should be built.
e Cf. Plato, Philebus 54 λ-c.
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or will be in the future.0 Nor, in a process of reasoning of this kind, is it possible to trace back the links of Necessity to eternity, so as to say, Because A is, therefore Ζ is. I have, however, discussed these matters in another work,6 and I there stated where either kind of Necessity applies, which propositions involving Necessity are convertible, and the reasons why.
We must also decide whether we are to discuss the processes by which each animal comes to be formed—which is what the earlier philosophers studied — or rather the animal as it actually is. Obviously there is a considerable difference between the two methods. I said earlier that we ought first to take the phenomena that are observed in each group, and then go on to state their causes. This applies just as much to the subject of the process of formation : here too we ought surely to begin with things as they arc actually observed to be when completed. Even in building the fact is that the particular stages of the process come about because the Form of the house is such and such, rather than that the house is such and such because the process of its formation follows a particular course : the process is for the sake of the actual tiling, the thing is not for the sake of the process.c So Empedocles was wrong when he said that, many of the characteristics which animals have are due to some accident in the process of their formation, as when he accounts for the vertebrae of the backbone by saying d “ the fetus gets twisted and so the backbone is broken into pieces ” : he was unaware (a) that the seed which gives rise to the animal must to d Emped, frag. 97 (Diels, Fragmented, 31 β 97).
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640 a	f	.
εχον δύναμιν, είθ ότι το ποίησαν πρότερον υπηρχεν 25 ον μόνον τω λόγω άλλα καί τω χρόνω■ γέννα γαρ ο άνθρωπος άνθρωπον, ώστε διά το εκείνον τοιονδ οΐναι η γενεσις τοιάδε συμβαίνει τωδί.	[ομοίως
δε και επί των αυτομάτως δοκούντων γινεσθαι καθάπερ καί επι των τεχναστών ενια γαρ1 και απο ταύτομάτον γίνεται ταντά τοΐς απο τέχνης, οιον so ύγίεια. ων2 μεν ονν προϋπάρχει το ποιητικόν [δμοιον],3 οιον η4 άνδριαντοποιητικη, ου [γσρ]5 γίνεται αυτόματον, ή δε τέχνη λόγος τοΰ έργου ο άνευ της όλης εστιν. καί τοΐς από τύχης ομοίως-ως γαρ η τέχνη εχει, οϋτω γίνεται.]6 διό μάλιστα μεν λεκτεον ως επειδή το£»τ’ ην τό άνθρώπω είναι, 35 διά τούτο τ αΰτ εχει- ον γαρ ει ’δέχεται είναι ανευ των μορίων τούτων. ει δε μη, ό τι εγγύτατα τούτου, καί η ότι όλως άδυ'ΐ'ατοι·’ άλλως,' η καλώς 640 b γε όντως, ταΰτα δ’ επετασ επεί δ’ εστι τοιοΰτον, την γενεσιν ώδί καί τοιαντην σνμβαίνειν αναγκαίου- διό γίνεται πρώτον των μορίων τάδε, ειτα τάδε, καί τούτον δη τον τρόπον ομοίως επι παντων τών φύσει συνισταμενων.
5 Οι μεν ούν αρχαίοι καί πρώτοι φιλοσοφήσαντες
1 ενια γαρ Οίη. Ζ1.
1 ών Ζ: τών vulg. 3 om. Ζ1.
4 ή Ζ : om. vulg. Β om. Ζ.
6	ομοίως (1. 27) . . . γίνεται, ex Met. 1033-1031· exorta. olim ut vid. in marg. 640 b 4 adscripta : inepta seclusi.
7	ότι όλως Ζ1 : όλως ότι α. α. vulg.
° i.e. the same character as the animal ■which it is to pro-
duce. For dynamis see Introduction, pp. 30 ff.
6 No doubt a marginal note appended to 610 b 4.
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begin with have the appropriate specific character α ; and (δ) that the producing agent Avas pre-existent : it was chronologically earlier as λνεΐΐ as logically earlier : in other words, men are begotten by men, and therefore the process of the child’s formation is what it is because its parent was a man. [Similarly too with those that appear to be formed spontaneously, just as "with those produced by the arts ; for some that are formed spontaneously arc identical Λνΐίΐι those produced by art, e.g. health. As for those things whose producing agent is pre-existent, e.g. the art of statuary, no spontaneous formation occurs. Art is the logos of the article without the matter. And similarly -with the products of chance :	they are
formed by the same process that art would employ.] 6 So the best way of putting the matter -would be to say that because the essence of man is what it is, therefore a man has such and such parts, since there cannot be a man without them. If we may not say this, then the nearest to it must do, viz. that there cannot be a man at all otherwise than with them, or, that it is well that a man should have them. And upon this these considerations follow : Because man is such and such, therefore the process of his formation must of necessity be such and such and take place in such a manner ; which is why first this part is formed, then that. And thus similarly with all the things that are constructed by Nature.
Now those who were the first to study Nature in
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M D	.	\	Λ	\ Λ	>	\ Α
περί φυσεως περί της υλικής αρχής και της τοι-αυτής αιτίας εσκόπουν, τις και ποια τις, και πώς £κ ταυτης γίνεται το ολον, και τίνος κινοΰντος, οιον νείκους η φιλίας η νοΰ η του αυτομάτου, τής δ’ υποκείμενης ϋλης τοιάνάε τινα φύσιν εχουσης εξ 10 ανάγκης, οΐον του μεν πυράς θερμήν, τής 3ε γής φυχράν, και τοΰ μεν κουφήν, τής 3ε βαρεΐαν. ούτως γάρ και τον κόσμον γεννώσιν. ομοίως 3ε καί περί την των ζώων καί των φυτών γενεσιν λεγουσιν, οΐον1 εν τω σώματι ρεοντος μεν τοΰ ϋ3ατος κοιλίαν γενεσθαι καί πάσαν ύπο3οχήν τής τε τροφής καί τοΰ 15 περιττώματος, τοΰ δέ πνεύματος 3ιαπορευθεντος τούς μυκτήρας άναρραγήναι. 6 δ’ αήρ καί το ϋ3ωρ ϋλη τών σωμάτων εστιν εκ τών τοιουτων γαρ σωμάτων συνιστάσι την φάσιν πάντες. ει δ’ εστιν 6 άνθρωπος καί τα ζώα φύσει καί τα μόρια αυτών, λεκτεον αν περί σαρκός είη καί όστοΰ καί αίματος 20 καί τών ομοιομερών απάντων, ομοίως 3ε καί τών ανομοιομερών, οΐον προσώπου, χειρός, ποάός, ή τε τοιοΰτον έκαστον εστιν αυτών καί κατά ποιαν άυναμιν. ου γάρ ικανόν το εκ τίνων εστιν, οΐον πυράς ή γής, ώσπερ καν ει περί κλίνης ελεγομεν ή τινος άλλου τών τοιουτων, επειρώμεθα μάλλον αν 25 3ιορίζειν το ε13ος αυτής ή την ύλην, οΐον τον χαλκόν
1 ότι post οἶον vulg.: del. Ogle. * *
e As Empedocles and Anaxagoras, whose attempts to discover the “ material ” and the “ efficient ” causes are mentioned a few lines below. See also Met. 983 h 6 if. b “ Material ” cause : see Introduction, pp. 24 ff.
* “ Residue ” : lit. “ surplus ” : see Introduction, pp. 32 ff. d Cf. Hippocrates, ITcpi διαίτης, i. 9.
? “ Parts ” : see Introduction, pp. 2S ff.
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the early days a spent their time in trying to discover what the material principle or the material Cause 6 was, and what it was like ; they tried to find out Ηολν the Universe is formed out of it ; what set the process going (Strife, it might be, or Friendship, Mind, or Spontaneity) ; assuming throughout that the underlying material had, by necessity, some definite nature : e.g. that the nature of Fire was hot, and light ; of Earth, cold, and heavy. At any rate, that is how they actually explain the formation of the world-order. In a like manner they describe the formation of animals and plants, saying (e.g.) that the stomach and every kind of receptacle for food and for residue0 is formed by the -water flowing in the body, and the nostril openings are forcibly made by the passage of the breath.^ Air and water, of course, according to them, are the material of -which the body is made : they all say that Nature is composed of substances of this sort. Yet if man and the animals and their partsβ are products of Nature, then account must be taken of flesh, bone, blood, in fact of all the “ uniform parts,” f and indeed of the “ non-uniform parts ” too, viz. face, hand, foot ; and it must be explained how it comes to pass that each of these is characterized as it is, and by what force this is effected. It is not enough to state simply the substances out of which they are made, as “ Out of fire,” or “ Out of earth.” If we were describing a bed or any other like article, we should endeavour to describe the form of it rather than the matter (bronze, or wood)—or, at
f “ Uniform ” and “ non-uniform ”: see Introduction, pp. 28 if. The distinction between “uniform ”and “ non-uniform” parts is, historically, the predecessor of the distinction between “ tissues ” and “ organs.”
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ή τό ξύλον, el Be μη, την ye τον συνόλου· κλίνη γάρ τάδε ev To>Se η τάδε ToiovBe, ώστε καν rrepi του σχήματος ώίη λeκτόov, καί ποιον την ιδ ία ν η γαρ κατά τήν μορφήν φύσις κυριωτόρα τής υλικής φυσ€ως.
30 Ει μόν οΰν τω σχήματι καί τω χρώματι Σκαστόν ἐστι των re ζώων και των μορίων, όρθώς αν Δημόκριτος λόγοι· φαίν€ται γαρ ούτως ύπολαβ€Ϊν. φησι γοΰν παντί 8ήλον eivai οΐόν τι τήν μορφήν όστιν ό άνθρωπος, ως οντος αύτοΰ τω τ€ σχήματι καί τω χρώματι γνωρίμου, καίτοι καί ό τ€θν€ως 35 'όχ€ΐ τήν αυτήν του σχήματος μορφήν, άλλ’ όμως ου κ όστιν άνθρωπος, eri δ’ αδύνατον eivai χ^ΐρα όπωσοΰν διακ€ΐμόνην, οΐον χαλκήν ή ξυλίνην, πλήν 641 a όμωνύμως, ώσι~ep τον γ€γραμμόνον ιατρόν, ου γαρ δυνήσ€ται πο^ΐν το όαυτής όργον, ώσπ€ρ ούδ' αυλοί λίθινοι τό όαυτών epyov, ούδ' ό yeyραμμένος ιατρός, ομοίως Be τούτοις ουδό των του τ€0νηκότος μο-6 ρίων ουδόν 0τι των τοιούτων όστί, λόγω δ’ ο ιον οφθαλμός, χειρ, λίαν ουν απλώς eίpητaι, καί τον αυτόν τρόπον ώσπep αν el τέκτων λόγοι πepί χ€ΐρός ξύλινης, ούτως γαρ καί οι φυσιολόγοι τάς γ€νόσβις καί τάς αιτίας του σχήματος λόγουσιν. υπό τίνων γάρ όδημιουργήθησαν δυνάμ€ων; άλΧ ίσως 6 μόν ίο τέκτων epel τ-eXeKW ή τρύπανον, ό δ’ αέρα καί γήν,
0 See Diels, Fragmented, 68 β 165. b i.e. the early writers on “ Nature.”
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any rate, the matter, if described, would be described as belonging to the concrete whole. For example, “ a bed ” is a certain form in certain matter, or, alternatively, certain matter that has a certain form ; so we should have to include its shape and the manner of its form in our description of it—because the “ formal ” nature is of more fundamental importance than the “ material ” nature.
If, then, each animal and each of its parts is what it is in virtue of its shape and its colour, what Democritus says will be correct, since that was apparently his view, if one understands him aright when he says that it is evident to everyone what “ man” is like as touching, his shape, for it is by. his- shape and his colour that a man may be told,® ijNow a corpse has the same shape and fashion as a living body ; and yet it is not a man. Again, a hand constituted in any and every manner, e.g., a bronze or wooden one, is not a hand except in name ; and the same applies to a physician depicted on canvas, or a flute carved in stone. None of these can perform the functions appropriate'to the things that bear those names. Likewise, the eye or the hand (or any other part) of a corpse is not really an eye or a hand. Democritus’s statement, therefore, needs to be qualified, or a carpenter might as well claim that a hand made of wood really was a hand. The physiologers,6 however, when they describe the formation and the causes of the shape of animal bodies, talk in this selfsame vein. Suppose we ask the carver “ By what agency was this hand fashioned ? ” Perhaps his answer will be “ By my axe ” or “ By my auger,” just as if we ask the physiologer “ By what agency was this body fashioned ? ” he will say “ By air ” and
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πλήν βελτιον ό τέκτων ου γάρ Ικανόν εσται αύτώ το τοσοΰτον είπεΐν, ότι εμπεσόντος του οργάνου το μεν κοΐλον εγενετο το δε επίπεδον, αλλά διότι την πληγήν εποιήσατο τοιαύτην, και τίνος ενεκα, ερεΐ την αιτίαν, όπως τοιόνδε η τοιόνδε ποτε την μορφήν γενηται.
15 Δήλον τοίνυν ότι ουκ όρθώς λεγουσι, καί ότι λεκτεον ως τοιοΰτον τό ζωον, και περί εκείνου και τί και ποιόν τι καί των μορίων έκαστου,1 ώσπερ καί περί του είδους της κλίνης.
Ει δη τούτο εστι φυχη η φυχης μέρος η μη άνευ φυχης (άπελθουσης γουν ούκετι ζωόν εστιν, ουδέ 20 των μορίων ούδεν το αυτό λείπεται, πλην τω σχηματι μόνον, καθάπερ τα μυθευόμενα λιθοΰσθαι), ει δη ταΰτα ούτως, του φυσικοΰ περί φυχης αν είη λέγειν καί είδεναι, καί ει μη πάσης, κατ* * αυτό τοΰτο καθ' ο τοιοΰτο τό ζωον, καί τί εστιν η φυχη, η αυτό τοΰτο τό μόριον, καί περί των συμβεβη-25 κότων κατά την τοιαύτην αυτής ουσίαν, άλλως τε καί τής φύσεως δίχως λεγομενης καί ούσης, τής μεν ως όλης, τής δ’ ως ουσίας· καί εστιν αότη καί ως ή κινούσα καί ως τό τέλος· τοιοΰτον τοΰ ζώου 1 έκαστου Peck : έκαστοι’ vulg.
β Or, “ reason ” ; see Introduction, ρ. 24. 6 See above, 640 b 26.
* “ Soul ” : see Introduction, pp. 31 ff.
* Or “ motive.”
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“ By earth.” But of the two the craftsman will give a better answer, because he will not feel it is sufficient to say merely that a cavity was created here, or a level surface there, by a blow from his tool. He will state the cause0 on account of which, and the purpose for the sake of which, he made the strokes he did ; and that will be, in order that the wood might finally be formed into this or that shape.
It must now be evident that the statements of the physiologers are unsatisfactory. We have to state how the animal is characterized, i.e., what is the essence and character of the animal itself, as well as describing each of its parts ; just as with the bed we have to state its Form.6
Now it may be that the Form of any living creature is Soul,c or some part of Soul, or something that involves Soul. At any rate, M’hen its Soul is gone, it is no longer a living creature, and none of its parts remains the same, except only in shape, just like the animals in the story that were turned into stone. If, then, this is really so. it is the business of the student of Natural science to inform himself concerning Sou], and to treat of it in his exposition ; not, perhaps, in its entirety, but of that special part of it which causes the living creature to be such as it is. He must say what Soul, or that special part of Soul, is ; and when he has said what its essence is, he must treat of the attributes which are attached to an essence of that character. This is especially necessary, because the term “ nature ” is used— rightly—in two senses: (a) meaning “ matter,” and (δ) meaning “ essence ” (the latter including both the “ Efficient ”d Cause and the “End”). It is, of course, in this latter sense that the entire Soul or
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6*1 a	„	,	, „	«	\
ήτοι πάσα η ψνχη η μέρος τι αυτής, ώστε καί ούτως αν λέκτρον εΐη τω περί φνσεως θεωρητικώ 30 περί ψυχής μάλλον ή περί της ύλης, όσω μάλλον η ϋλη δι’ εκείνην φύσις εστιν η αναπαλιν και γαρ κλίνη και τρίπους τό ξύλον εστιν, οτι δυνάμει ταΰτα εστιν.
’ Απορήσειε δ’ αν τις εις τό νυν λεχθεν επιβλεψας, πότερον περί πόσης ψυχής της φυσικής εστι το 35 είπεΐν η περί τινος.1 ει γαρ περί πόσης, ούδεμια λείπεται παρά. την φυσικήν επιστήμην φιλοσοφία.
641	b ο γαρ νους των νοητών, ώστε περί παντων η φυσική γνώσις αν εϊη · της γαρ αυτής περί νοϋ και του νοητού θεωρήσαι, ει'περ προς αλληλα, και η αυτή θεωρία των προς αλληλα πόντων, καθάπερ καί περί αίσθήσεως και των αισθητών, ή ούκ εστι 5 πάσα ή ψυχή κινήσεως αρχή, ουδέ τα μόρια άπαντα, ἀλλ’ αύξήσεως μεν δπερ καί εν τοΐς φυτοϊς, άλ-λοιώσεως δε τό αισθητικόν, φοράς δ’ ετερόν τι καί ου τό νοητικόν υπάρχει γα,ρ ή φορά. καί εν ετεροις τών ζώων, διάνοια δ’ ούδενί. δήλον οΰν ως ου 1 τινος (μορίου) Rackham.
° i.e. qualitative change, which is the “ motion ” proper to this part of the Soul.
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some part of it is the “ nature ” of a living creature. Hence on this score especially it should be the duty of the student of Natural science to deal -with Soul in preference to matter, inasmuch as it is the Soul that enables the matter to “ be the nature ” of an animal (that is, potentially, in the same way as a piece of wood “ is ” a bed or a stool) rather than the matter which enables the Soul to do so.
In view of what we have just said, one may well ask whether it is the business of Natural science to treat of Soul in its entirety or of some part of it only; since if it must treat of Soul in its entirety (i.e. including intellect) there will be no room left for any other study beside Natural science—it will include even the objects that the intellect apprehends. For consider : wherever there is a pair of interrelated things, such as sensation and the objects of sensation, it is the business of one science, and one only, to study them both. Now intellect and the objects of the intellect are such a pair ; hence, the same science will study both of them, which means that there will be nothing whatever left outside the purview of Natural science. All the same, it may be that it is neither Soul in its entirety that is the source of motion, nor yet all its parts taken together ; it may be that one part of Soul, (a), viz. that which plants have, is the source of growth ; another part, (b), the “sensory” part, is the source of changea; and yet another part, (c), the source of locomotion. That even this last cannot be the intellectual part is proved, because animals other than man have the power of locomotion, although none of them has intellect. I take it, then, as evident
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περί πάσης φυχής λεκτεον ονδε γάρ πάσα φυχη ίο φύσις, αλλά τι μόριον αυτής εν ή και πλείω. ;
Ττι δε των εξ άφαιρεσεως ούδενός οίόν τ είναι τήν φυσικήν θεωρητικήν, επειδή ή φύσις ενεκα του ποιεί πάντα· φαίνεται γάρ, ώσπερ εν τοΐς τεχνα-στοΐς εστίν ή τέχνη, ούτως εν αύτοΐς τοΐς πραγ-μασιν άλλη τις αρχή και αιτία τοιαύτη, ήν εχομεν 15 καθάπερ τό θερμόν καί τό φυχρόν εκ του παντός, διό μάλιλον εικός τον ουρανόν γεγενησθαι υπό τοιαύτης αίτιας, ει γεγονε, και είναι δια τοιαυτην αιτίαν μάλλον ή τα ζώα τα θνητά· τό γοΰν τεταγ-μενον καί τό ώρισμενον πολύ μάλλον φαίνεται εν 20 τοΐς ούρανίοις ή περί ημάς, -ο δ’ άλλοτ’ άλλως καί ως ετυχε περί τα θνητά, μάλλον, οι δε των μεν ζώων έκαστον φύσει φασίν είναι και γενεσθαι, τον δ’ ουρανόν από τύχης καί τοΰ αυτομάτου τοιοΰτον συστήναι, εν ω από τύχης καί αταξίας ούδ’ ότιοΰν φαίνεται, πανταχοΰ δε λεγομεν τάδε τουδ’ ενεκα, 25 οπού αν φαίνηται τέλος τι προς δ η κίνησις περαίνει μηδενός εμποδίζοντος. ώστε είναι φανερόν δτι εστι τι τοιοΰτον, δ δή καί καλοΰμεν φύσιν ου γάρ δή δ τι ετυχεν εξ εκάστου γίνεται σπέρματος, άλλα τάδε εκ τοΰδε, ουδέ σπέρμα τό τυχόν εκ τοΰ τυ~ * 6
° With this passage rf. Plato, Philebus 29-30.
6 Cf. Samuel Butler, Life anil llabit, p. 134·, “ A hen is only an egg’s way of making another egg.”
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that we need not concern ourselves with Soul in its entirety ; because it is not Soul in its entirety that is an animal’s “ nature,’’ but some part or parts of it.
Further, no abstraction can be studied bv Natural science, because whatever Nature makes she makes to serve some purpose ; for it is evident that, even as art is present in the objects produced by art, so in things themselves there is some principle or cause of a like sort, which came to us from the universe around us, just as our material constituents (the hot, the cold, etc.) did.a Wherefore there is better reason for holding that the Heaven was brought into being by some such cause—if we may assume that it came into being at all—and that through that cause it continues to be, than for holding the same about the mortal things it contains—the animals ; at any rate, there is much clearer evidence of definite ordering in the heavenly bodies than there is in us ; for what is mortal bears the marks of change and chance. Nevertheless, there are those who affirm that, while ever}’ living creature has been brought into being by Nature and remains in bcin^ thereby, the heaven in all its glory was constructed by mere chance and came to be spontaneously, although there is no evidence of chance or disorder in it. And whenever there is evidently an End towards which a motion goes forward unless something stands in its way, then we always assert that the motion has the End for its purpose. From this it is evident that something of the kind really exists—that, in fact, which we call “ Nature,” because in fact we do not find any chance creature being formed from a particular seed, but A comes from a, and Β from b ; nor does any chance seed come from any chance individual.6 Therefore
13
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χόντος σώματος, αρχή άρα καί ποιητικόν τοΰ έξ 30 αντοΰ τό (έξ ον το)1 σπέρμα. φυσά, γάρ ταΰτα-φύεται γοΰν Ι κ τούτον, άλλα μην έτι τούτου πρότερον τό ον τό σπέρμα· γένεσις μεν γαρ τό σπέρμα, ουσία δε τό τέλος, άμφοΐν δ’ 'έτι πρότερον, άφ’ ου έστι τό σπέρμα. έστι γαρ τό σπέρμα δίχως, έξ ού τε καί ού· καί γαρ άφ’ ον 35 άπηλθε, τούτον σπέρμα, οΐον ίππον, καί τούτον δ έσται έξ αντοΰ, οίον όρέως, τρόπον δ’ ον τον αυτόν, άλλ’ έκατέρου τον ειρημένον. έτι δέ δυνάμει 642 a τό σπέρμα· δύναμις δ’ ως έχει προς εντελέχειαν ΐσμεν.
Εισι^ άρα δι;’ αίτίαι αΰται, τό θ’ ον ένεκα καί τό εξ άνάγκης· πολλά γαρ γίνεται, ότι άνάγκη. ίσως δ’ αν τις άπορησειε ποιαν λέγουσιν άνάγκην β οι λέγοντες εξ άνάγκης- των μεν γαρ δύο τρόπων ουδέτερον οΐόν θ' ύπάρχειν των διωρισμένων εν τοΐς κατά φιλοσοφίαν, έστι δ’ έν γε τοΐς έχουσι γένεσιν ή τρίτη- λέγομεν γάρ την τροφήν άναγκαΐόν τι κατ ουδέτερον τούτων των τρόπων, άλλ’ ότι ούχ οΐόν τ’ άνεν ταύτης είναι, τούτο δ’ έστιν ώσπερ εξ νπο-10 θέσεως* ώσπερ γάρ έπει δει σχίζειν τω πελέκει, άνάγκη σκληρόν είναι, ει δέ σκληρόν, χαλκοϋν η
1 <έ£ ου τό> supplevi, Σ secutus. * 6
° There is a reference here, which is not apparent in the English version, to the etymological connexion between φύσις (nature) and φύεσθαι (to grow). Cf. Met. 1014 b 16 if.
6 Viz. actuality is prior to potentiality. c These treatises are referred to again in the Politics (1282 b 19) and in the Eudemian Ethics (1217 b 23). The two modes of necessity seem to be (I) “ absolute ” necessity (mentioned here), and (2) “ coercive ” necessity (see Met. 74
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the individual from -which the seed comes is the source and the efficient agent of that which comes out of the seed. The reason is, that these things arc so arranged by Nature ; at any rate, the offspring growsa out of the seed. Nevertheless, logically prior to the seed stands that of which it is the seed, because the End is an actual thing, and the seed is but a formative process. But further, prior to both of them stands the creature out of which the seed comes. (Note that a seed is the seed “of” something in two senses—two quite distinct senses : it is the seed “ of” that out of which it came—e.g. a horse—as well as “ of ” that which will arise out of itself—e.g. a mule). Again, the seed is something by potentiality, and we know what is the relation of potentiality to actuality.6
We have, then, these two causes before us, to wit, the “ Final ” cause, and also Necessity, for many things come into being owing to Necessity. Perhaps one might ask which “ Necessity ” is meant Avhcn it is specified as a cause, since here it can be neither of the Γννο modes which are defined in the treatises written in the philosophical manner/ There is, however, a third mode of Necessity : it is seen in the things that pass through a process of formation ; as when we say that nourishment is necessary, we mean “ necessary ” in neither of the former two modes, but we mean that without nourishment no animal can be. This is, practically, “ conditional ” Necessity. Take an illustration : A hatchet, in order to split wood, must, of necessity, be hard ; if so, then it must, of necessity, be made of
1015 a 20 ff.)· The third he has referred to already at 639 b viz. “ conditional ” necessity, bee pp. il f.
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σιδηροΰν, οϋτω καί επεί το σώμα οργανον (ενεκα τινος γάρ έκαστον τών μορίων, ομοίως δε και το δλον), ανάγκη άρα τοιονδί είναι και εκ τοιωνδι, ει εκείνο εσται.
"Οτι μεν ονν δυο τρόποι της αιτίας, και δει 15 λέγοντας τνγχάνειν μάλιστα μεν άμφοΐν, ει δε μη, πειράσθαί γε ποιεΐν τούτο, δηλον,1 και ότι πάντες οι τοΰτο μη λ άγοντες ούδεν ως είπεΐν περί φυσεως λεγονσιν άρχή γάρ ή φύσις μάλλον της ύλης, (ενιαχού δε που αυτή και Εμπεδοκλής περιπίπτει, αγόμενος υπ’ αυτής τής αλήθειας, καί την ουσίαν καί 20 την φυσιν αναγκάζεται φάναι τον λόγον είναι, οΐον όστοΰν άποδιδούς τί εστιν ούτε γάρ εν τι τών στοιχείων λε'γει αυτά ούτε δυο ή τρία ούτε πάντα, άλλα λόγον τής μίξεως αυτών, δηλον τοίνυν ότι καί ή σαρξ τον αυτόν τρόπον ἐστί, καί τών άλλων τών τοιουτων μορίων έκαστον, αίτιον δε του μή 25 άλθεΐν τους προγενέστερους επί τον τρόπον τοΰτον, δτι τό τί ήν είναι καί το όρίσασθαι την ουσίαν ούκ ήν, ἀλλ’ ήφατο μεν Δημόκριτος πρώτος, ως ούκ αναγκαίου δε τή φυσική θεωρία, άλλ’ εκφερόμενος υπ’ αυτού τού πράγματος· επί Σωκράτους δε τούτο μεν ηύξήθη, το δε ζητεΐν τα περί φυσεως εληξε, 1 sic Ogle: d όΐ μή, δήλόν γε πειράσθαι ποιεΐν vulg. * 6
° See Diels, Fragmented, 31 α 78.
6 “ Element ” : this term is normally used to denote the four substances, earth, water, air, fire.
e This is probably a reference to Democritus’s opposition to the theories of Protagoras, who held that “ what appears 70
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bronze or of iron. Now the body, like the hatchet, is an instrument ; as well the whole body as each of its parts has a purpose, for the sake of which it is ; the body must therefore, of necessity, be such and such, and made of such and such materials, if that purpose is to be realized.
It is, therefore, evident that of Causation there are two modes ; and that in our treatise both of them must be described, or at least an attempt must be made to describe them ; and that those who fail herein tell us practically nothing of any value about “ Nature,” for a thing’s “ nature ” is much more a first principle (or “ Cause ”) than it is matter. (Indeed, in some places even Empedocles, being led and guided by Truth herself, stumbles upon this, and is forced to assert that it is the logos which is a thing’s essence or nature.3 For instance, when he is explaining what Bone is, he says not that it is any one of the Elements,6 or any two, or three, or even all of them, but that it is “ the logos of the mixture ” of the Elements. And it is clear that he would explain in the same way what Flesh and each of such parts is. Now the reason why earlier thinkers did not arrive at this method of procedure was that in their time there was no notion of “ essence ” and no Avay of defining “ being.” The first to touch upon it was Democritus ; and he did so, not because lie thought it necessary for the study of Nature, but because he was carried away by the subject in hand and could not avoid it.c In Socrates’ time an advance was made so far as the method was concerned ; but at that time philosophers gave up the study of Nature
to be to you, is for you.” Protagoras had emphasized the validity of sense-data ; Democritus denied it.
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3o πρδς δε τήν χρήσιμον αρετήν και την πολιτικήν άπεκλιναν οι φιλοσοφοΰντες.)
Αεικτε'ον δ’ ούτως, οΐον οτ ι εστι μεν ή αναπνοή τουδι χάριν, τούτο 8e γίνεται διά τάδε εξ ανάγκης. ή δ’ ανάγκη ότε μεν σημαίνει δτι ει εκείνο εσται το ου ενεκα, ταΰτα ανάγκη εστιν (ούτως}1 εχειν, 3.Γ. ore δ’ δτι εστιν ούτως εχοντα και πεφνκότα· τδ θερμόν γάρ άναγκαΐον εξιεναι και πάλιν είσιεναι άντικροΰον, τον δ’ άε'ρα εισρεΐν τούτο δ’ ήδη 642 b άναγκαΐον εστιν, του εντός 8e θερμού αντικόπτοντος εν τή φυξει του θύραθεν δέρος ή είσοδος2 και ή έξοδος, δ μεν οΰν τρόπος οΰτος ό τής μεθόδου, και περί ών δεΐ λαβεΐν τάς αιτίας, ταΰτα και τοιαΰτά εστιν.
5 II. Ααμβάνουσι δ’ ενιοι τδ καθ’ έκαστον, διαιρούμενοι τδ γένος εις δύο διαφοράς, τοΰτο δ’ ἐστι τῆ μεν ου ράδιον, τή δε αδύνατον, ενίων γάρ εσται
1 οΰτως supplevi.
2 ή είσοδος om. pr. E.
β “ Goodness,” or “ virtue,” is one of the chief topics discussed by Socrates in the Platonic dialogues. Cf. Aristotle, Met. 9S7 b 1, “ Socrates busied himself about moral matters, but did not concern himself at all with Nature as a whole.”
b I have not attempted, except by one insertion, to straighten out the text of this confused account, which looks like a displaced note intended for the paragraph above (ending “ realized,” p. 77). If it is to remain in the text, it would follow at that place (after (312 a 18) least awkwardly. For a more lucid account of the process of Respiration see De resp. 480 a 16-b 5.
e This is usually held to include Plato, on the ground that
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and turned to the practical subject of “ goodness,”0 and to political science.)
6 Here is an example of the method of exposition. We point out that although Respiration takes place for such and such a purpose, any one stage of the process follows upon the others by necessity. Necessity means sometimes (a) that if this or that is to be the final Cause and purpose, then such and such things must be so ; but sometimes it means (b) that things are as they are owing to their very nature, as the following shows : It is necessary that the hot substance should go out and come in again as it offers resistance, and that the air should flow in— that is obviousl}- necessary. And the hot substance within, as the cooling is produced, offers resistance, and this brings about the entrance of the air from without and also its exit. This example shows how the method works and also illustrates the sort of things whose causes we have to discover.
II. Now some writers'" endeavour to arrive at the ultimate and particular species by the process of dividing the group (menus') into two differentiaeA This is a method which is in some respects difficult and in other respects impossible. For example :
the method of dichotomy is used in the Sophist and Politicus. But the method can hardly be said to be seriously applied to the classification of animals in the Politicus, and in the Sophist it is introduced partly in a humorous way, partly to lead up to the explanation of τό μή ον (not-being·). Either Aristotle has mistaken the. purpose of the method (as he has at An. Pr. 46 a 31 ff.) or (much more probably) he is referring to some other writer’s detailed application of it. See e.g. Stenzel in Pauly-WissoH'a. s.v. Speusippus.
d Each stage of the division gives two differentiae, which are treated as “ genera ” for the next stage of the division, and sj on.
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διαφορά μία μόνη, τα δ’ α'λλα περίεργα, οΐον ύπό-7τονν, δ 17row, σχιζόπουν1· αυτή γάρ μόνη κυρία. ίο ει δε μη, ταύτόν πολλάκις άναγκαΐον λέγειν, ετι δε προσήκει μη διασπάν έκαστον γένος, οΐον τούς όρνιθας τους μεν εν τήδε τούς δ’ εν άλλη διαιρέσει, καθάπερ εχουσιν αι γεγραμμεναι διαιρέσεις· εκεί γάρ τούς μεν μετά των ένυδρων συμβαίνει δι-ηρήσθαι, τούς δ’ εν άλλω γε'νει. (ταυτη μεν οΰν τη 15 όμοιότητι όρνις όνομα κεΐται, ετερα δ’ ιχθύς■ άλλαι δ’ είσίν ανώνυμοι, οΐον τό εναιμον και το άναιμον· εφ' εκατερω γάρ τούτων ου κεΐται εν όνομα.) είπε ρ οΰν μηδέν των ομογενών διασπαστεον, η εις δύο διαίρεσις μάταιος αν εΐη· οΰτω γάρ διαιροΰντας άναγκαΐον χώριζειν και διασπάν των πολυπόδων γάρ εστι τα μεν εν τοΐς πεζοΐς τα δ’ εν τοΐς 20 ενυδροις.
III. Έτι στερήσει μεν άναγκαΐον διαιρεΐν και διαιροΰσιν οι διχοτομουντές. ούκ εστι δε διαφορά
1 αττονν post σχιζόπουν vulg., del. Ogle ; fortasse [άπτερον] scribendum (cf. An. Post. 9J a 1, Met. 1037 b 34).
° Other groups will get broken up under several lines of division, as Aristotle goes on to say, and he repeats this at 643 b 14, where lie adds that “ contrary ” groups λνίΐΐ get lumped together under a single line (and “ contrariety is maximum ‘ difference/ ” .see Met. 10ό.» a .5 ff., cf. 1018 a :ίυ).
6 Aristotle holds that one is not enough ; see 643 b 9 ff. and 29 if.
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(а)	Some a groups will get only one differentia,b the rest of the terms being superfluous extras,c as in the example : footed, two-footed, cloven-footed d—since this last one is the only independently valid differentia. Otherwise the same thing e must of necessity be repeated many times over.
(б)	Again, it is a mistake to break up a group, as for instance the group Birds, by putting some birds in one division and some in another, as lias been done in the divisions made by certain writers : in these some birds are put in with the water-creatures, and others in another class. (These two groups, each possessing its own set of characteristics, happen to have regular names—Birds, Fishes—but there are other groups which have not, e.g. the “ blooded ” and “ bloodless ” groups : there is no one regular name for either of these.) If, then, it is a mistake to break up any group of kindred creatures, the method of division into two will be pointless, because those who so divide are compelled to separate them and break them up, some of the many-footed animals being among the land-animals and others among the water-animals.
III. (c) Again, this method of twofold division makes it necessary to introduce privative terms, and those who adopt it aetually do this. But a privation, as
* i.e. all terms except the final one can be dispensed with, because none of them constitutes an independent (κυρία) differentia; one line of division yields one valid differentia and no more (cf. 644· a 2-10).
d Cf. 644 a 5 and Met. 1038 a 32.
1	In this case, “-footed ” (cf. Met. 1038 a 19 ff.). But Aristotle does not explain how δίπονν is “ superfluous.”
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στερησεως ἡ στέρησις- αδύνατον γάρ είδη είναι του μη οντος, οΐον της άποδίας η του άπτέρου ώσπερ π τερώσεως και π οδών- δει δε της καθολον δια-25 φοράς εΐδη είναι- ει γάρ μη εσται, δια. τί αν εΐη των καθόλου και ου των καθ' έκαστον; των δε διαφορών αι μεν καθόλου είσί καί έχουσιν είδη, οΐον πτερότης- τό μεν γάρ άσχιστον το δ’ εσχι-σμένον εστί πτερόν. καί ποδότης ωσαύτως η μεν πολυσχιδής, η δε δισχιδής, οΐον τα δίχαλα, η δ’ 30 άσχιδης καί αδιαίρετος, οΐον τα μώνυχα. χαλεπόν μεν οΰν διαλαβεΐν καί εις τοιαύτας διαφοράς ών εστιν εΐδη, ώσθ’ ότιοΰν ζώον εν ταύταις ύπάρχειν καί μη εν πλείοσι ταύτόν (οΐον πτερωτόν καί άπτερον εστι γάρ άμφω ταύτόν, οΐον μύρμηξ καί 35 λαμπυρίς καί ετερά τινα), πάντων δε χαλεπώτατον η αδύνατον εις τάς άντικειμενας.1 άναγκαΐον γάρ των καθ' έκαστον ύπάρχειν τινι των διαφορών 643 a όκάστην, ώστε καί την άντικειμενην. ει δε μη ενδέχεται τοΐς εΐδει διαφέρουσιν ύπάρχειν είδος τι της ουσίας άτομον καί εν, άλλ’ αει διαφοράν έξει 2(οΐον όρνις ανθρώπου—η διποδία γάρ άλλη καί διάφορος- καν ει έναιμα, τό αίμα διάφορον, η ούδεί’ 5 της ουσίας τό αίμα θετεον)—ει δ’ ούτως εστιν, η
1	τὰ? άντικειμενας Peck: τὰ αντικείμενα Titze: τὰ άναιμα vulg.: τὰ εναντία Ogle : τὰ άτομα Prantl.
2	11. 3-G interpunctionem correxi.
α Ι have not attempted to keep a consistent translation for πτερόν, as Aristotle applies this term to “feathers ” and to “ wings ” (of insects).
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privation, can admit no differentiation ; there cannot be species of what is not there at all, e.g. of “ footless ” or “ featherless,” a as there can be of “ footed ” and “ feathered ” ; and a generic differentia must contain species, else it is specific not generic. However, some of the differentiae are truly generic and contain species, for instance “ feathered ” (some feathers are barbed, some unbarbed) ; and likewise “ footed ” (some feet are “ many-cloven,” some “ tAvy-cloven,” as in the animals with bifid hoofs, and some “ uncloven ” or “ undivided,” as in the animals with solid hoofs). Now it is difficult enough to arrange the various animals under such lines of differentiation as these, which after all do contain species, in such a way that every animal is included in them, but not the same animal in more than one of them (e.g. when an animal is both -winged and Aving-less, as ants, glow-worms, and some other creatures are) ; but it is excessively difficult and in fact impossible to arrange them under the opposite lines of differentiation. Every differentia must, of course, belong to some species ; and this statement will apply to the negative differentiae as well as to the positive. Now it is impossible for any essential characteristic to belong to animals that are specifically different and at the same time to be itself one and indivisible 6 : it will always admit of differentiation. (For example, Man and Bird are both two-footed, but this essential characteristic is not the same in both : it is differentiated.0 And if they are both “ blooded,” the blood must be different, or else it cannot be reckoned as part of their essence.) If that is so, then, the one
6 As the privative characteristic would have to be. c See below, 693 b 2 ff.
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μία διάφορά δυσϊν υπάρξει·1 ει δε τοΰτο, δηλον δτι αδύνατον στέρησιν είναι διαφοράν.
"Κσονται δ' αι διαφορα'ι ΐσαι τοΐς άτόμοις ζωοις, ει'.περ άτομά τε ταΰτα και αι διαφοραι άτομοι, κοινή δε μη εστιν. (ει δ* ενδέχεται υπάρχειν2 και ίο κοινήν, άτομον δε, δηλον δτι κατά γε την κοινήν εν τω αντω εστιν έτερα δντα τω εΐδει ζώα. ωστ άναγκαΐον, ει ’ίδιοι αι διαφοραι είς ας απαντα εμπίπτει τα άτομα, μηδεμίαν αυτών είναι κοινήν ει δε μη, έτερα οντα είς την αυτήν βαδιεΐται.) δει δ' ούτε τό αυτό και άτομον είς έτερον και έτεραν ιο ίέναι διαφοράν τών διηρημένων, οΰτ είς την αυτήν έτερα, και άπαντα είς ταυτας. φανερόν τοίνυν οτι ούκ εστι λαβεΐν τα άτομα είδη ως διαιρούνται οι είς δυο διαιροΰντες τά ζώα η και άλλο ότιοΰν γένος. και γάρ κατ' εκείνους άναγκαΐον ϊσας τάς εσχατας είναι διαφοράς τοΐς ζωοις πασι τοΐς ατομοις τω 2οεΐδει. οντος γάρ τ ουδέ τινος γένους, ου διαφοραι πρώται τά (λευκά και τά μη}3 λευκά, τούτων δ' έκατέρου άλλαι, καί ούτως είς το πρόσω εως τών ατόμων, αι τελουταΐαι τέτταρες εσονται η άλλο τι
1	11. 3-6 interpunctionem correxi.
3	μη νπάρχειν vulg. : corr. Titze.
3 supplevit Cornford.
« Because it cannot fulfil the condition of admitting differentiation. At whatever stage of the division it comes (unless at the very end), the privative term will cover at least two species, and therefore at the next stage the dichotomists will have to divide it—illegitimately, as Aristotle maintains. 84
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differentia will belong to two species. And if so, it is clear that a privative cannot be a valid differentia
(d)	Now assuming that each species is indivisible : if each differentia also is indivisible, and none is common to more species than one, then the number of differentiae will be equal to the number of species. (Supposing it were possible to have a differentia which though indivisible was common ; clearly, in that case, animals which differed in species would be in the same division in virtue of that common differentia. Therefore, if the differentiae under which the indivisible and ultimate species fall are to be proper and private to each one, it is necessary that no differentia be common; otherwise, species which are actually different will come under one and the selfsame differentia.) And we may not place one and the same indivisible species under two or three of the lines of differentiation given by the divisions ; nor may we include different species under one and the same line of differentiation. Yet each species must be placed under the lines of differentiation available. It is evident from this that it is impossible to arrive at the indivisible species either of animals or of any other group by the method of twofold division as these people practise it, for even on their shoving the number of ultimate differentiae must of necessity be equal to the total number of indivisible species of animals. Thus, suppose we have some particular group of creatures whose prime differentiae are “ pale ” and “ not pale ” ; by that method these two will each give two other differentiae, and so forth, until in the end the indivisible differentiae are reached : these last ones will be either four in
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643 a	„ ς, ν
πλήθος των άφ* ενός διπλασιαζομενών· τοσαυτα οε
καί τα είδη.
(’Έστ<, δ’ ή δια φορά εν ττ) υλη το εΐόος.1 owe 25 γάρ άνεν ύλης ούδεν ζώου μορών, ουτ€ μονή η υλη· ον yap πάι-τως εχον &ώμα εσται Ccuor, ουδέ των μορίων ούδεν, ώσττ€ρ ποίλλάκις είρηται.)
Έτι διαιρεΐν χρη τοΐς ev ττ) ουσία καί μη τοΐς σνμβεβηκόσι καθ’ αυτό, oiov ει τις τα σχήματα διαιροίη, ότι τα μεν δνσίν όρθαΐς ϊσας εχει τας 30 γωνίας, τα 8e —Αειοσιν συμβεβηκος γαρ τι τω τ ριγώνω το δυσίν όρθαΐς ίσας εχειν τάς γωνίας.
Έτι τοΐς άντικειμενοις διαιρεΐν (δει),2 διάφορα γάρ άλληλοις τάντικείμενα, oiov Αευκότης και μελάνια και ενθάτης καί καμπυλοτης. eav ονν θατερα διάφορα η, τω αντικείμενα) διαιρετεον, και μη το 35 μεν νεάσει τό δε χρώματι. προς 8e τοντοις, τα γ εμφνχα τοΐς κοινοΐς εργοις του σώματος και της 643 b φυχης, οΐον και εν ταΐς ρηθείσαις νυν ττορευτικά και -πτηνά—εστι γάρ τινα γένη οίς άμφω υπάρχει καί εστι πτηνά καί άπτερα, καθάπερ τό των μυρμηκων
1 sic Υ : τὰ etBos ei- ττ} ΰλτ) vulg.
2	<δεΐ> supplevi.
0 His point is that it is nonsensical to suppose that this numerical correspondence is bound to occur.
» As at 641 a IS ff.
e See Met. 1025 a 30.
d These are enumerated in De sensu, 436 a 7 ff., and Aristotle seems here to be thinking of them as grouped together under the several faculties—nutritive, appetitive, sensory, 86
PARTS OF ANIMALS, I. hi.
number, or some higher value of 2n : and there will be an identical number of species.0
(The species is the differentia in the Matter. There is no animal part which exists without matter ; nor on the other hand is there any which i? matter only, for body in any and every condition cannot make an animal or any part of an animal, as I have often pointed out.s)
(e)	Again, the division ought to be made according· to points that belong to tht Essence of a thine and not according to its essential ''inseparable) attributes. For instance, in making elms ions of geometrical figures, it would be wrong to dhide them into those whose angles are together equal to two right angles and those whose angles are together greater than two right angles ; because it is only an attribute of the triangle that its angles are together equal to two right angles.c
(f)	Again, division should be by “ opposites,” opposites being mutually “ different.” e.g. pale and dark, straight and curved. Therefore, provided the two terms are truly “ different.” division should be by means of opposites, and should not characterize one side by ability to swim and the other ^ide by some colour. And besides this, division of living creatures, at any rate, by the functions which are common functions of body and snul,d such as we actually find done in the divisions mentioned above, where animals are divided into “ walkers ” and “ fliers ”—for there are some groups, such as that of the Ants, which have both attributes, being both
locomotive, and thought (see De an. 414 a 2S if.). His point is that the correct way to divide and classify animals is rather by bodily characteristics, which is what he himself does.
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γένος—καί τω άγρίω καί1 ήμέρω (ου δεΐ)2 διαιρεΐ-σθαι ■ ωσαύτως γάρ αν δόζειε ταύτά είδη διαιρεΐν’ 5 πάντα γάρ, ως είπεΐν, όσα ήμερα καί άγρια τυγχάνει όντα, οΐον άνθρωποι, Ιπποι, βόες, κύνες εν τή ’Ινδική, όες, αίγες, πρόβατα· ών έκαστον, ει μεν ομώνυμον, ου διήρηται χωρίς, ει δε ταΰτα εν εΐδει, ούχ ο ιον τ’ είναι διαφοράν το άγριον και το ήμερον.
"Ολως δ’ οποιαοΰν διαφορά3 μιά διαιροΰντι τούτο ίο συμβαίνειν άναγκαϊον. άλλα δει πειράσθαι λαμ-βάνειν κατά γένη τα ζώα, ως ύφήγηνθ' οι πολλοί διορίσαντες όρνιθος γένος καί ιχθύος, τούτων δ’ έκαστον πολλαΐς ώρισται διαφοραΐς, ου κατά την διχοτομίαν. ουτω μεν γάρ ήτοι τό παράπαν ούκ εστι λαβειν (τό αυτό γάρ εις πλείους εμπίπτει is διαιρέσεις καί τα εναντία εις την αυτήν), ή μία μόνον διαφορά έσται, καί αύτη ήτοι απλή ή εκ συμπλοκής το τελευταΐον εσται είδος, εάν δέ μη διαφοράς λαμβάνη τις διαφοράν,1 άναγκαιον, ώσπερ συνδέσμω τον λόγον ένα ποιοΰντας, ουτω καί την διαίρεσιν συνεχή ποιεΐν. λέγω δ’ οίον συμβαίνει -O τοΐς διαιρουμένοις τό μεν άπτερον τό δέ πτερωτόν, πτερωτού δέ τό μέν ήμερον τό δ’ άγριον, ή τό μέν
1	και ΕΥ : και τω Vlllg;.
2	supplevi.
3	όποιανοΰν διαφοράν alii: οποιαοΰν λ : διαφορά vel διαφορά
ESY.
4	διαφορά λ. ES : διαφοράν λ. τής διαφοράς Ρ: διαφοράς λ. διαφοράν Υ ; τις Peck : τήν vulg. * 6
α Cf. Plato, Politicus, 264 a 1.
6 On this sec Platt, C.Q., 1909, iii. 241. c For διαφορά in the sense of “ bifurcation ” cf. Met. 104S b 4, where he speaks of the two “ parts ” of a διαφορά. d i.e. with the preceding terms. See below, 614 a 5.
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“ winged ” and “ wingless ”—and by “ wild ” and “ tame,” α is not permissible, for this similarly would appear to divide up species that are the same, since practically all the tame animals are also found as wild ones : e.g. Man, the horse, the ox, the dog (in India 6), swine, the goat, the sheep ; and if, in each of these groups, the wild and the tame bear the same name, as they do, there is no division between them, while if each group is specifically a unit, then it follcnvs that “ wild ” and “ tame ” cannot make a valid differentiation.0
And generally, the same thing inevitably happens whatever one single line of differentiation is taken for the division. The proper course is to endeavour to take the animals according to their groups, fol-loAving the lead of the bulk of mankind, who have marked off the group of Birds and the group of Fishes. Each of these groups is marked off by many differentiae, not by means of dichotomy. By dichotomy (a) either these groups cannot be arrived at at all (because the same group falls under several divisions and contrary groups under the same division) or else there will be one differentia only, «and this either singly or in combination d will constitute the ultimate species.e But (6) if they do not take the differentia of the differentia, they are forced to follow the example of those people who try to give unity to their prose by a free use of conjunctions :	there is as little con-
tinuity about their division. Here is an example to show what happens. Suppose they make the division into “ wingless ” and “ winged,” and then divide “ winged ” into “ tame ” and “ wild ” or into
* And this will never completely represent any actual group or species. See below, 614 a (5 ff.
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XevKov το Be μέΧαν ον γάρ διαφορά του τττ€ρωτον το ημ€ρον ovBe το XevKov, άΧΧ’ έτέρας άρχη διαφοράς- €Κ€Ϊ Be κατά σνμβ€βηκός. Βιό ποΧΧαΐς τό ev evOecos BiaipeTeov, ώσπερ Χέγομ€ν. καί γάρ 25 όντως μέν αι GTepr/aeLs ποιήσονσι Βιαφοράν, ev Be τη Βιχοτομία ου ποιησονσιν.
"Οτι δ’ ούκ ένδέχεται των καθ’ έκαστον elBcov Χαμβάν€ΐν ονδέν διαιροΰσι Βίχα το γένος, toairep τινές ωηθησαν, καί έκ TcvvBe φavepόv.
’Α δυνατόν γάρ μίαν νπάρχ€ΐν Βιαφοράν των 30 καθ' έκαστον BiaipeTcov, έάν θ' άττΧά Χαμβάνη τ ις' έάν Te σνμπ€πΧ€γμένα- \Χέγω Be άττΧά μέν, εάν μη έχη Βιαφοράν, οΐον την σχιζοποδίαν, σvμπeπXeγ-μένα Be, έάν έχη, οΐον τό ποΧνσχιδές προς τό2 σχιζόπονν]3 τούτο γάρ η σννέχ€ΐα βovXeτaι των από τον γένους κατά την Biaipeaiv διαφορών ως ev 35 τι τό παν ον, άΧΧά παρά την Χέζιν συμβαίν€ΐ BoKeiv την TeXevTaiav μόνην elvai Βιαφοράν [οΐον τό ποΧν-βϊΊζσχιΒές η τό Βίπονν, τό Β’ νπόπουν και ποΧύπονν πepίepγa]^ ότι Β' αδύνατον πXeίovς elvai τοιαντας, ΒηΧον αει γάρ βαΒΙζων έπι την έσχάτην Βιαφοράν άφικίΈΐται [ἀλλ’ ονκ έπι την TeXevTaiav και το είδος]·6 αϋτη δ’ έστιν η τό σχιζόπονν μόνον, η 5 πάσα η σύμπΧ€ζις, έάν Βιαιρηται άνθρωπος,6 οίον el τις συνθ€ΐη ύπόπονν, Βίπονν, σχιζόπονν. el Β' ην ο άνθρωπος σχιζόπονν μόνον, όντως έγίγιΈτ’ αν αΰτη (ήγ μία διαφορά, νυν Β' έπeιBη ονκ έστιν, 1
1 τις Υ: om. vulg·.	2 προς τω Platt.
3	seclusi. codices varia, nt videtur; sic Bekker.
4 οἶον . . . πΐράργα seclusi.
5 άλλ' . . . (Ιδος seclusi.
6 άνθρωπον vulg.	7 (ή) Ogle.
90
PARTS OF ANIMALS. I. ττι.
“ pale ” and “ dark ” : neither “ tame ” nor “ pale ” is a differentiation of “ winged,” but the beginning of another line of differentiation, and can come in here only by accident. Therefore, as I say, in dividing we must distinguish the one original group forthwith by numerous differentiae ; and then too the privative terms Mill make valid differentiae, which they will never do in the system of dichotomy.
Here are further considerations to show that it is impossible to come at any of the particular species by the method of dividing the group into two. as some people have imagined.
Obuouslv it is impossible that one single differentia is adequate for each of the particular species covered by the division, whether you adopt as your differentia the isolated term or the combination of terms a (for this is intended by the continuity of the series of differentiae throughout the division from the original ‘■■roup, to indicate that the whole is a unity ; but, in consequence of the form of the expression, the last one comes to be considered as the* sole differentia). And it is evident that there cannot be more than one such differentia ; for the division proceeds steadily until it reaches the ultimate differentia, and—supposing the division is aiming at “ Man ”—this is either “ cloven-footed ” alone, ον else the whole combination, e.g. if one combined “ footed,” “ two-footed.” “ clovenfooted.” b If Man were merely a cloven-footed animal, then this would be the one differentia, arrived at by the right method. But as he is not merely
“ i.e. the last term of any scries, or all its terms together, as he goes on to say. Cf. 64-3 b Ιό f.
6 This definition appears also in iMct. I037-I03S.
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ανάγκη πολλάς είναι μη ύπό μίαν διαίρεσιν. αλλά μην πλείους γε του αυτοί» ούκ έστιν υπό μιαν ίο διχοτομίαν είναι, αλλά μίαν κατά μίαν τελευτάν, ώστε αδύνατον ότιοΰν λαβεΐν των καθ’ έκαστον ζώων δίχα διαιρούμενους.
IV. ’Απορήσειε δ’ αν τις διά τί ούκ άνωθεν ένι όνόματι εμπεριλαβόντες άμα εν γένος άμφω προσ-ηγόρευσαν οι άνθρωποι, δ περιέχει τά τε ένυδρα 15 και τά πτηνά των ζώων έστι γάρ ένια πάθη κοινά καί τούτοις [/cat τοΐς άλλοις ζώοις άπασιν].1 άλλ’ όμως όρθώς διώρισται τούτον τον τρόπον, όσα μεν γάρ διαφέρει των γενών καθ' ύπεροχην και τω μάλλον καί ηττον,2 ταΰτα ύπέζευκται ένί γένει, οσα δ’ εχει τό άνάλογον, χωρίς· λέγω δ’ οίον όρνις 20 ορνιθος διαφέρει τω μάλλον η καθ' ύπεροχην (τό μεν γάρ μακρόπτερον τό δε βραχύπτερον), ιχθύες δ’ ορνιθος τω άνάλογον (δ γάρ έκείνω πτερόν, θα-τέρω λεπίς). τούτο δέ ποιεΐν επί πόσιν ου ρόδιον τά γάρ πολλά ζώα άνάλογον ταύτό πέπονθεν.
Έτ7€ΐ δ’ ούσίαι μέν είσι τά έσχατα είδη, κατά 25 Se ταΰτα τα3 το είδος αδιάφορα (οΐον Σωκράτης, Κορίσκος), άναγκαΐον η τα καθόλου ύπάρχοντα 1 seclusi Ogle docente.
2 sic Rackham: τό μάλλον και τό (τό om. Υ) ήττον vulg.
3 κατά δε ταΰτα τὰ Peck : ταΰτα δε κατά \nilg1.
0 This paragraph has been corrupted by confusing interpolations, which I have bracketed in the Greek text and omitted in the translation. With this passage cf. llet. 1037 b 27—1038 a 30.
b On this point see D’Arcy W. Thompson, Growth and Form. esp. ch. 17, and the same author’s paper Excess and Defect; or The Little More and the Little Less, in Mind, xxxviii. (N.S.) 149, pp. 13-55. See also infra, 661 b 28 ff., 692 b 3 ff.; and Introduction, p. 39.
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that, it is necessary that there should be many differentiae, not under one line of division. And yet there cannot be more than one differentia for the same thing under one line of dichotomy : one line must end in one differentia. So it is impossible for those who follow the method of twofold division to arrive at any of the particular animals.®
IV. Some may find it puzzling that general usage has not combined the water-animals and the feathered animals into one higher group, and adopted one name to cover both, seeing that in fact these two groups have certain features in common. The answer is that in spite of this the present grouping is the right one ; because while groups that differ only “ by excess ”
(that is, “by the more and less”6) are placed together in one group, those which differ so much that their characteristics can merely be called anta-logous arc placed in separate groups. As an illustration : (β) one bird differs from another bird “ by the more,” or “by excess”: one bird’s feathers are long, another’s are short; whereas (b) the difference between a Bird and a Fish is greater, and their correspondence is only by analogy : a fish has no feathers at all, but scales, which correspond to them. It is not easy to do this in all cases, for the corresponding analogous parts of most groups of animals are identical.
Now since the ultimate species are “ real things,” c Method, while within them arc individuals which do not differ in species (as e.g. Socrates and Coriscus),'* we shall have to choose (as I have pointed out)e between
e Lit. “ substances.” d i.e. within the species “ man.”
* Above, at 6oL> a, b, etc.
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644 a
πρότερον είπεΐν η πολλάκις ταύτόν λεγειν, καθάπερ είρηται. (τό δε καθόλου κοινά· τα γάρ πλείοσιν υπάρχοντα καθόλου λόγο μεν.) απορίαν δ’ έχει περί πάτερα δει πραγματευεσθαι. ἡ μεν γάρ ουσία το 80 τω είδει άτομο ν, κράτιστον, ε’ί τις δύναιτο, περί των καθ’ έκαστον και ατόμων τω είδει θεωρεϊν χωρίς, ώσπερ περί ανθρώπου, οϋτω και1 περί ορνιθος, (καί μη περί ότουοΰν ορνιθος') (εχει γάρ είδη τό γόνος τοΰτο), αλλά περί των ατόμων1 2 οΐον η στρουθός η γερανός η τι τοιουτον. η δε συμβησεται λέγειν 35 πολλάκις περί του αύτοΰ πάθους διά τό κοινή πλείοσιν ύπάρχειν, ταυτη δ’ εστίν ύπάτοπον καί 644 b μακράν τό περί εκάστου λέγειν χωρίς. ίσως μεν ούν όρθιος εχει τα μεν κατά γένη κοινή λέγειν, όσα λέγεται καλώς ώρισμόνων των ανθρώπων, καί εχει τε μίαν φύσιν κοινήν καί είδη εν αύτοϊς3 μη 5 πολύ διεστώτα, ορνις καί ιχθύς, καί ει τι άλλο εστίν ανώνυμον μεν, τω γόνει δ’ όμοια4 περιέχει τα εν αυτόυ6 είδη· όσα δε μη τοιαΰτα, καθ' έκαστον, οΐον περί ανθρώπου καί ει τι τοιοΰτον έτερόν εστίν.
Σχεδόν δε τοις σχημασι των μορίων καί του σώματος όλου, εάν ομοιότητα εχωσιν, ιυρισται τα γένη, οΐον τό των ορνίθων γόνος προς αυτό6 πό-
1	καί] μή Ilonitz.
2	hunc locum correxi, Σ secutus; εχει γάρ είδη τό γένος
τούτο- αλλά ττερ'ι ότονοΰν ορνιθος των ατόμων, ο ιον κτλ. vulg".
3 αϋτοΐ? νιιΙ·τ. : correxi.
8 αύτω vulcr. : correxi. β αυτό Platt, fortnsse Ζ1 :
4 ομοίως vulg.: correxi. αι)τὰ Υ : αυτά Ζ2, vulg.
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describing first of all the general attributes of many species, and repeating the same thing many times over. (By “ general ” attributes I intend the “common ” ones. That which belongs to many we call “ general.”) One may well hesitate whether of the two courses to follow. Tor, in so far as it is the specifically indivisible which is the “ real thing,” it would be best, if one could do it. to study separately the particular and specifically indivisible sorts, in the same way as one studies “ Man.” to do this with “ Bird ” too. that is. to study not just “ Bird ” in the mass, but—since “ Bird ” is a «rroup which contains species—the indivisible species of it. e.g. Ostrich, Crane, and so on. Yet, on the other hand, this course is somewhat unreasonable and lon^-winded, because it makes us describe the same attributes time and again, as they happen to be common attributes of many species. So perhaps after all the right procedure is this : (a) So far as concerns the attributes of those groups which have been correctly marked off by popular usage—groups which possess one common nature apiece and contain in themselves species not far removed from one another, I mean Birds and Fishes and any other such group which though it mav lack a popular name yet contains species generically similar—to describe the common attributes of each group all together : and (6) with regard to those animals which are nut covered by this, to describe the attributes of each of these by itself—e.g. those of Man, and of any other such species there may be.
Now it is practically by resemblance of the shapes of their parts, or of their whole body, that the groups are marked off from each other : as e.g. the groups
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ίο πονθε καί to τών Ιχθύων καί τα μαλάκιά τε καί τα οστρεια. τα γάρ μόρια διαφύρουσι τούτων ον τή άνάλογον όμοιότητι, οίον εν άνθρώπω και ίχθύι πύπονθεν όστοΰν προς άκανθαν, άλλα μάλλον τοΐς σωματικοΐς πάθεσιν, οΐον μεγύθει μικρότητι, μαλα-15 κότητι σκληρότητι, λειότητι τραχύτητι καί τοΐς τοιούτοις, όλως δε τω μάλλον και ήττον.
Πω? μεν οΰν άποδύχεσθαι Set την περί φύσξ,ως μύθοδον, και τινα τρόπον γίνοιτ' αν η θεωρία περί αυτών όδώ και βάστα, ετι δε περί διαιρύσεως, τινα τρόπον ενδεχεται μετιοΰσι λαμβάνειν χρησίμως, καί 20 διότι τό διχοτομεΐν τη μεν αδύνατον τη δε κενόν, εΐρηται. διωρισμένων δε τούτων περί των εφεξής λύγωμεν, αρχήν τήνδε ποιησάμενοι.
V. Τώ^ ουσιών οσαι φύσει συνεστάσι, τάς μεν (λύγο μεν')1 άγενήτους καί άφθάρτους είναι τον άπαντα αιώνα, τάς δε μετύχειν γενύσεως καί 25 φθοράς. σνμβύβηκε δε περί μεν εκείνας τίμιας οΰσας καί θείας ελάττονς ήμϊν νπάρχειν θεωρίας (καί γάρ εξ ών αν τις σκύφαιτο περί αυτών, καί περί ών είδύναι ποθουμεν, παντελώς εστίν ολίγα τά φανερά κατά την αΐσθησιν), περί δε τών φθαρτών φυτών τε καί ζώων εύποροϋμεν μάλλον προς την 80 γνώσιν διά το σύντροφον πολλά γάρ περί έκαστον γύνος λάβοι τις αν τών υπαρχόντων βουλόμενος διαπονεΐν ίκανώς. εχει δ’ εκάτερα χάριν, τών μεν γάρ ει καί κατά μικρόν εφαπτόμεθα, όμως διά την
1 (λεγομεν) Peck. * 6
β Lit., “ softies.” The group includes, roughly, the cephalopod mollusca.
6 Lit., “ oysters ” (bivalves).
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Birds, Fishes, Cephalopods,® Testacea.6 Within each of these groups, the parts do not differ so far that they correspond only by analogy (as a man’s bone and a fish’s spine) ; that is, they differ not structurally, but only in respect of bodily qualities, e.g. by being larger or smaller, softer or harder, smoother or rougher, and so forth, or, to put it generally, they differ “ by the more and less.”
We have now shown :
(1)	how to test a method of Natural science ;
(2)	what is the most systematic and easiest way of studying Natural science ;
(3)	what is the most useful mode of Division for our present purpose ;
(4)	why dichotomy is in one respect impossible and in another futile.
Now that we have made this beginning, and clearly distinguished these points, we may proceed.
V. Of the works of Nature there are, we hold, two Aprotreptic kinds : those which are brought into being and perish, of anSniais^ and those Avhich are free from these processes throughout all ages. The latter are of the highest worth and are divine, but our opportunities for the study of them are somewhat scanty, since there is but little evidence available to our senses to enable us to consider them and all the things that we long to know about. We have better means of information, however, concerning the things that perish, that is to say, plants and animals, because we live among them ; and anyone who will but take enough trouble can learn much concerning every one of their kinds. Yet each of the two groups has its attractiveness. For although our grasp of the eternal things is but slight, nevertheless the joy which it brings is, by
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τιμιότητα του γνώριζειν ήδιον η τα παρ’ ήμΐν άπαντα, ώσπερ και των ερωμένων το τυχόν και 35 μικρόν μόριον κατιδεΐν ήδιόν εστιν η πολλά ετερα 645 a Ka'L μεγάλα δι’ ακρίβειας ιδ ει ν τα δέ διά το μάλλον καί πλείω γνωρίζειν αυτών λαμβάνει την τής επιστήμης υπεροχήν, ετι δε δια το πλησιαιτερα ημών είναι και τής φυσεως οικειότερα άντικαταλλάτ-τεταί τι προς την περί τα Θεία φιλοσοφίαν, επει 5 Se περί εκείνων διήλθομεν λεγοντες το φαινόμενον ήμίν, λοιπόν περί τής ζωικής φυσεως είπεΐν, μηδέν παραλιπόντας εις δύναμιν μήτε ατιμότερου μήτε τιμιώτερον. και γάρ εν τοΐς μη κεχαρισμενοις αυτών προς την αϊσθησιν κατά την θεωρίαν όμως1 ή δημιουργήσασα φύσις αμήχανους ήδονάς παρέχει ίο τοΐς δυνάμειΌΐς τάς αιτίας γνωρίζειν και φύσει φιλοσόφοις. και γάρ αν είη παράλογον καί άτοπον, ει τάς μεν εικόνας αυτών θεωρονντες χαίρομεν ότι την όημιουργήσασαν τέχνην συνθεωροΰμεν, οίον την γραφικήν ή την πλαστικήν, αυτών δε τών φύσει συνεστώτων μή μάλλον άγαπώμεν την θεωρίαν, 15 δυνάμει>οί γε τάς αιτίας καθοράν. διό δει μή δυσχεραίνειν παιδικώς τήν περί τών ατιμότερων ζώων επίσκεφιν εν πάσι γάρ τοΐς φυσικοΐς ενεστί
1 όμως Bekker : ομοίως codcl.
α This passage, 645 a 6-15, is quoted by R. Boyle (Of the Usefulnesse of Xaturall Philosophy. 1GG3) both in Gaza's Latin version and in an English translation, and he introduces it thus : “ And. mcthinks. Aristotle discourses very Philosophically in that place, where passing from the consideration of the sublimist productions of Nature, to justilie his diligence in recording the. more homely Circumstances of the History of Animals, he thus discourses.” He also quotes 98
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reason of their excellence and worth, greater than that of knowing all things that are here below ; just as the joy of a fleeting and partial glimpse of those whom we love is greater than that of an accurate view of other things, no matter how numerous or how great they are. But inasmuch as it is possible for us to obtain more and better information about things here on the earth, our knowledge of them has the advantage over the other ; and moreover, because they are nearer to us and more akin to our Nature, they are able to make up some of their leeway as against the philosophy which contemplates the things that are divine. Of “ tilings divine ” we have already treated and have set down our views concerning them ; so it now remains to speak of animals and their Nature. a So far as in us lies, we will not leave out any one of them, be it never so mean ; for though there are animals which have no attractiveness for the senses, yet for the eye of science, for the student who is naturally of a philosophic spirit and can discern the causes of things. Nature which fashioned them provides joys which cannot be measured. If we study mere likenesses of these things and take pleasure in so doing, because then we are contemplating the painter’s or the carver’s Art which fashioned them, and yet fail to delight much more in studying the works of Nature themselves, though we have the ability to discern the actual causes—that would be a strange absurdity indeed. Wherefore we must not betake ourselves to the consideration of the meaner animals with a bad grace, as though we were children ; since in all natural things there is somewhat of the mar-
the following passage, a 15-23, describing it as “ that J udicious reasoning of Aristotle
υ 2
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τι θαυμαστόν· καί καθάπερ 'Ηράκλειτος λέγεται 20 ττ ρος τούς ξένους είπειν τούς βουλομένους εντυχεΐν αντώ, οΐ επειδή προσιόντες εΐδον αυτόν θερόμενον προς τω ίπνώ έστησαν (εκέλευε γάρ αυτούς είσιέναι θαρρονντας- είναι, γάρ καί ενταύθα θεούς), ούτω και. προς την ζήτησιν περί έκαστου των ζώων προσιεναι δει μη δυσωπούμενον, ως εν άπασιν οντος τινός φυσικού και καλού.
Το γάρ μη τυχόντως ἀλλ’ ένεκα τινος εν τοΐς της 25 φύσεως έργοις έστί κσ.ι μάλιστα· ου δ’ ένεκα συνέστηκεν η γέγονε τέλους, την τού καλού χώραν εΐληφεν. εΐ δέ τις την περί των άλλων ζώων θεωρίαν άτιμον είναι νενόμικε, τον αυτόν τροπον οίεσθαι χρη καί περί αυτού- ούκ έστι γάρ άνευ πολλής δυσχερείας ίδεΐν εξ ών συνέστηκε τό των 80 ανθρώπων γένος, οΐον αίμα, σάρκες, οστά, φλέβες και τα τοιαΰτα μόρια, ομοίως τε δει νομίζειν τον περί ούτινοσοΰν των μορίων ή των σκευών δια-λεγόμενον μη περί τής ύλης ποιεΐσθαι την μνήμην, μηδέ ταύτης χάριν, άλλα τής όλης μορφής, οΐον και περί οικίας, αλλά μη πλίνθων καί πηλού καί ξύλων 85 καί τον περί φύσεως περί τής συνθέσεως καί τής όλης ουσίας, αλλά μη περί τούτων α μή συμβαίνει χωριζόμενά ποτε τής ουσίας αυτών.
α Or, with reference to another use of ουσία, “ which pives them their being.” Independent approaches to the position that components are non-significant in isolation had been made, e.g. by Anaxagoras, as a physical philosopher (,^ee my article in C.Q. xxv. 27 ff., 112 ff.), who held that “ the things (i.e. the constituent elements) in this world are not separate one from another” (frag. 8, Diels, Fragmente5, 100
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vellous. There is a story which tells how some visitors once wished to meet Heracleitus, and when they entered and saw him in the kitchen, warming himself at the stove, they hesitated ; but Heraeleitus said, “ Come in ; don’t be afraid ; there are gods even here.” In like manner, we ought not to hesitate nor to be abashed, but boldly to enter upon our researches concerning animals of every sort and kind, knowing that in not one of them is Nature or Beauty lacking.
I add “ Beauty,” beeause in the works of Nature purpose and not accident is predominant ; and the purpose or end for the sake of which those works have been constructed or formed has its place among what is beautiful. If, however, there is anyone who holds that the study of the animals is an unworthy pursuit, he ought to go further and hold the same opinion about the study of himself, for it is not possible without considerable disgust to look upon the blood, flesh, bones, blood-vessels, and suchlike parts of which the human body is constructed. In the same way, when the discussion turns upon any one of the parts or structures, we must not suppose that the lecturer is speaking of the material of them in itself and for its own sake ; he is speaking of the whole conformation. Just as in discussing a house, it is the whole figure and form of the house which concerns us, not merely the bricks and mortar and timber ; so in Natural science, it is the composite thing, the thing as a whole, which primarily concerns us, not the materials of it, which are not found apart from the thing itself whose materials they are.a
59 β 8j; also from the logical point of view, as seen in Plato, Theaetetus, 201 e ff.
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645 b Άναγκαϊον δε πρώτον τα συμβεβηκότα διελεΐν περί έκαστον γένος, ὅσα καθ’ αύτα πάσιν υπάρχει τοίς ζώοις, μετά δβ ταντα τάς αίτιας αυτών πειρά-σθαι διελεΐν. εϊρηται μεν ουν και πρότερον δτι πολλά κοινά πολλοΐς υπάρχει τών ζώων, τα μεν άπλώς (οΐον πόδες, πτερά, λεπίδες, καί πάθη δη τον αυτόν τρόπον τοντοις), τα δ’ άνάλογον (λέγω δ’ άνάλογον, ότι τοΐς μεν υπάρχει πλεύμων, τοίς δε πλενμων μεν ου, ο δε τοίς εχουσι πλεύμονα, έκεί-νοις έτερον αντί τούτου■ καί τοίς μεν αίμα, τοίς δε ίο τό άνάλογον την αυτήν έχον δύναμιν ηνπερ τοίς έναίμοις τό αίμα) · το δε λέγειν χωρίς περί έκάστων τών καθ' έκαστα, καί έμπροσθεν εΐπομεν ότι πολλάκις συμβήσεται ταύτά λέγειν, επειδάν λέγω μεν περί πάντων τών υπαρχόντων υπάρχει δε πολλοΐς ταύτά. ταΰτα μεν ουν ταύτη διωρίσθω. ΐό ’Έπεί δε τό μεν όργανον παν ένεκά του, τών δε του σώματος μορίων έκαστον ένεκά του, τό δ’ ου ένεκα πράξίς τις, φανερόν ότι καί τό σύνολον σώμα συνέστηκε πράξεώς τινος ένεκα πολυμερούς.1 ου γάρ η πρίσις του πρίονος χάριν γέγονεν, ἀλλ’ ό π ρ ίων της πρίσεως· χρησις γάρ τις η πρίσις έστίν. ώστε καί τό σώμά πως τής φυχής ένεκεν, καί τα 20 μόρια τών έργων προς α πέφυκεν έκαστον.
Αεκτέον άρα πρώτον τάς πράξεις τάς τε κοινάς2
1	πολυμερούς Ρ: πλήρους vnlg.: fortasse πολυμόρφου, cf. 646 b 15.
2	πάντων post κοινὰ? vnlg.: delevi. * 6
° Almost always used in the singular by Aristotle.
6 By “ blood ” Aristotle means red blood only. “ Blooded " and “ bloodless ” animals do not quite coincide with vertebrates and invertebrates ; for there are some invertebrates which have red blood, e.g. molluscs (Planorbis), insect 102
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First of all, our business must be to describe the Final attributes found in each group; I mean those ofthe^ “essential” attributes which belong to all the-Method· animals, and after that to endeavour tu describe the causes of them. It will be remembered that I have said already that there are many attributes which are common to many animals, either identically the same (e.g. organs like feet, feathers, and scales, and affections similarly), or else common by analogy only (i.e. some animals have a lung,a others have no lung but something else to correspond instead of it; again, some animals have blood, \vhile others have its counterpart,6 which in them has the same value as blood in the former). And I have pointed out above that to treat separately of all the particular species would mean continual repetition of the same things, if we are going to deal with all their attributes, as the same attributes are common to many animals. Such, then, arc my views on this ι natter.
Y Now, as each of the parts of the body, like every other instrument, is for the sake of some purpose, viz. some action, it is evident that the body as a whole must exist for the sake of some complex action. Just as the saw is there for the sake of sawing and not sawing for the sake of the saw, because sawing is the using of the instrument, so in some way the body exists for the sake of the sou], and the parts of the body for the sake of those functions to which they are naturally adapted.
So first of all M-e must describe the actions (a) larvae (Chironomus), worms (Arenicohi). In other invertebrates the blood may be blue (Crustacea) or green (Sabellid worms), or there may be πο respiratory pigment at all (most insects).
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καί τάς κατά γένος καί τάς κατ* * είδος. λέγω δέ κοινάς μέν α? πόσιν ύττάρχουσι τοΐς ζωοι?, κατά γένος δε όσων -παρ’ άλληλα τάς διαφοράς όρώμεν 25 καθ' ύπεροχην οϋσας, οΐον όρνιθα λέγω κατά γένος, άνθρωπον δέ κατ είδος, και παν ο κατά τον καθόλου λόγον μηδεμίαν ’έχει διαφοράν, τα μεν γάρ έχουσι το κοινόν κατ' αναλογίαν, τα δε κατά γένος, τά Se κατ’ είδος.
"Οσαι μεν οΰν πράξεις άλλων ένεκα, δηλον ότι καί ών αι πράξεις τον αύτόν τρόπον διεστάσιν 30 δνπερ αι πράξεις, ομοίως δε καν ει τινες πρότεραι και τέλος ετέρων πράξεων τνγχάνουσιν ονσαι, τον αυτόν έξει τρόπον και των μορίων έκαστον ών αι πράξεις αι τοιανται· καί τρίτον, α τινών1 όντων άναγκαΐον ύπάρχειν. (λέγω δέ πάθη καί πράξεις γένεσιν, αύξησιν, οχείαν, έγρηγορσιν, ύπνον, πο-35 ρείαν, καί όπόσ άλλα τοιαΰτα τοΐς ζωοις υπάρχει· μόρια δέ λέγω ρίνα, οφθαλμόν καί το σάνολον 646 a ττρόσωπον, ών έκαστον καλείται μέλος. ομοίως δέ καί περί των άλλων.)
Καί περί μεν του τρόπου της μεθόδου τοσαΰθ’ ημΐν ειρησθω· τάς δ’ αιτίας πειραθώμεν είπεΐν περί τε των κοινών καί των Ιδίων, άρξάμενοι, καθάπερ διωρίσαμεν, πρώτον από τών πρώτων.
1 α τινών Peck, cf. 677 a IS: ὥν vulg.: α τούτων Ogle.
α See above, note on 644 a 17.
* Examples will occur during the course of the treatise.
104
PARTS OF ANIMALS, I. v.
which are common, and those which belong (δ) to a group, or (c) to a species. By “ common ” I mean those that are present in all animals ; by “ those which belong to a group ” I mean those of animals whose differences we see to be differences “ of excess ” a in relation to one another : an example of this is the group Birds. Man is an example of a species ; so is every class which admits no differentiation of its general definition. These three sorts of common attributes are, respectively. (1) analogous, (2) generic, (3) specific.
Now it is evident that when one action is for the sake of another action, then the instruments which perform the two actions differ exactly as the two actions differ : and if one action is “ prior ” to another and is the “ end ” of that other action, then the part of the body to which it belongs will be “ prior ” to the part to which the other action belongs. There is also a third possibility, viz. that the action and its organ are there simply because the presence of others necessarily involves them.6 (By affections and actions I mean Generation, Growth, Copulation, Waking, Sleep, Locomotion, and the other similar ones that are found in animals. Examples of parts are : Nose, Eye, Face ; each of these is named a “ limb ” or “ member.” And the same holds for the rest too.)
Let this suffice concerning the method of our inquiry, and let us now endeavour to describe· the causes of all these things, particular as well as common ; and, according to the principles laid down, we will begin with the first ones first.
105
Έκ τίνων μεν οΰν μορίων καί πόσων σνν-έστηκεν ’έκαστον των ζώων, iv ταΐς ιστορίαις ταΐς περί αυτών όεδηλωται σαφέστερον δι’ ας δ’ αιτίας έκαστον τούτον έ'χει τον τρόπον, έπισκεπτέον νυν, χωρίσαντος καθ’ αυτά των έν ταΐς ιστορίαις είρη-μένων.
Τριών δ’ ούσών των συνθέσεων πρώτην μέν αν τις θείη την Ι κ των καλονμένων υπό τινων στοιχείων, οΐον γης, άέρος, νόστος, πυράς. ετι δε βέλτιον ίσως έκ των δυνάμεων Αέγειν, και τούτων ουκ έξ άπασών, άλλ’ ώσπερ έν έτέροις είρηται και πρότερον' υγρόν γάρ και ξηρόν καί βάρμον και φνχρόν ϋλη των συνθέτων σωμάτων έστίν, αι δ’ αλλαι όιαφοραί ταύταις άκολουθοΰσιν, οΐον βάρος καί κουφότης καί πυκνότης καί μανότης καί τρα-χυτης καί λειότης καί ταλλα τα τοιαΰτα πάθη των σωμάτων, δευτέρα δε σύστασις έκ των πρώτων ή των ομοιομερών φύσις έν τοΐς ζώοις έστίν, οΐον οστόΰ καί σαρκός καί των άλλων των τοιουτων.
° For the threefold series cf. De gen. an. 714 a 9 ff. This first “ composition ” seems to be intended to cover non-organic compounds.
b “ Dvnaniis " here is clearly the pro- Aristotelian technical term. See Introduction, p. 30.	■ See De gen. et con·, chh. 2,8.
d In some contexts, “ fluid ” and “ solid ” seem more 101)
BOOK II
I	have already described with considerable detail
in my Researches upon Animals what and how many the treatise.
are the parts of which the various animals are
composed. We mast now leave on one side what
was said there, as our present task is to consider
what are the causes through which each animal is as
I there described it.
Three sorts of composition can be distinguished.
(1) First of all a we may put composition out of the Elements (as some call them), viz. Earth, Air, Water,
Fire ; or perhaps it is better to say di/nameisb instead of Elements—some of the dynameis, that is, not all, as I have stated previously elsewhere.® It is just these four, the fluid substance, the solid γ’ the hot, and the cold, which are the matter of composite bodies ; and the other differences and qualities—such as heaviness lightness, firmness looseness, roughness smoothness, etc.—which composite bodies present are subsequent upon these. (2) The second sort of composition is the composition of the “uniform”* substances found in animals (such as bone, flesh, etc.). These also are composed out of the primary appropriate : in others, “ moist ” and “ dry “ (the traditional renderings). Aristotle defines them at De gen. and corr.
329 b 30. Sec also below, 649 b !). I have normally translated them “ fluid ” and “ solid ” throughout.
* “ Uniform,” “ non-uniform”; see Introduction, p. 28.
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τρίτη 8e καί τελευταία κατ' αριθμόν η των ανομοιομερών, οΐον προσώπου καί χει ρος καί των τοιούτων μορίων.
25 Έττεί δ’ εναντίως επί της γενεσεως εχει καί της ουσίας—τα γάρ υστέρα τη γενεσει πρότερα την φυσιν εστί, καί πρώτον το τη γενεσει τελευταΐον (ου γάρ οικία πλίνθων ενεκεν εστι καί λίθων, αλλά ταΰτα της οικίας· ομοίως δε τοΰτ εχει καί περί την άλλην ύλην ου μόνον δε φανερόν οτι τούτον εχει τον so τρόπον εκ τής επαγωγής, αλλά καί κατά τον λόγον παν γάρ τό γινόμενον εκ τινος καί εις τι ποιείται την γενεσιν, και απ αρχής επ αρχήν, απο τής πρώτης κινούσης καί εχούσης ήδη τινα φυσιν επί τινα μορφήν ή τοιοΰτον άλλο τέλος· άνθρωπος γάρ άνθρωπον καί φυτόν γέννα φυτόν εκ τής περί 35 έκαστον υποκείμενης ύλης)—τω μεν οΰν χρόνιο 646 b πρότερον την ύλην άναγκαΐον είναι καί την γενεσιν, τω λόγω δε την ουσίαν και την έκαστου μορφήν, δήλον δ’ αν λεγη τις τον λόγον τής γενεσεως· ό μεν γάρ τής οικοδομήσεως Λόγος εχει τον τής οικίας, ό δε τής οικίας ου κ εχει τον τής οικοδομήσεως.
5 ομοίως δε τούτο συμβεβηκε καί επί τών άλλων, ώστε την μεν τών στοιχείων ύλην άναγκαΐον είναι τών ομοιομερών ενεκεν ύστερα γάρ εκείνων ταΰτα * *
α Or, “ efficient.”
6 Or, “ in thought,” “ in conception.”
* Almost represented here by “ definition.”
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substances. (3) The third and last is the composition of the “ non-uniform ” parts of the body, such as face, hand, and the like.
Now the order of things in the process of formation is the reverse of their real and essential order ; I mean that the later a thing comes in the formative process the earlier it comes in the order of Nature, and that which comes at the end of the process is at the beginning in the order of Nature. Just so bricks and stone come chronologically before the house, although the house is the purpose which they "subserve, and not vice versa. And the same applies to materials ot every kind. Tims the truth of my statement can be shown by induction ; but it can also be demonstrated logically, as follows. Everything which is in process of formation is in passage from one tiling towards another thing, i.e. from one Cause towards another Cause ; in other \vords7 it proceeds from a primary motive® Cause which to begin with possesses a definite nature, towards a Form or another such End. For example, a man begets a man and a plant begets a plant. These new individuals are made out of the substrate matter appropriate in each case. Thus, matter and the process of formation must come first in time, but logically6 the real essence and the Form of the thing comes first. This is clear if we state the logos c of such a process. For example, the logos of the process of building includes the logos of a house, but that of a house does not include that of the process of building. And this holds good in all such cases. Hence we see that the matter, viz. the Elements, must exist for the sake of the uniform substances, because these come later in the process of formation than
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6b „	,	x ,	„	„
τη γενεσει, τούτων δε τα ανομοιομερή, ταυτα yap
ήδη τό τέλος εχει καί το πέρας, επί τον τρίτον λαβόντα την σύστασιν αριθμόν, καθάπερ επί πολλών ίο συμβαίνει τελειοΰσθαι τάς γενεσεις.
Έ£ άμφοτερων μεν ούν τα ζώα σννεστηκε των μορίων τούτων, αλλά τα ομοιομερή τών ανομοιομερών ενεκεν εστιν εκείνων γάρ έργα και πράξεις είσίν, οΐον οφθαλμόν καί μνκτήρος και τον προσώπου παντός καί δάκτυλον καί χειρός καί παντός 15 τοΰ βραχίονος. πολνμόρφων δε τών πράξεων καί τών κινήσεων ύπαρχονσών τοΐς ζωοις όλοις τε καί τοι? μορίοις τοΐς τοιοντοις, άναγκαΐον εξ ών σύγ-κεινται τάς δννάμεις ανόμοιας εχειν προς μεν γάρ τινα μαλακότης χρήσιμος προς δε τινα σκληρότης, και τα μεν τάσιν εχειν δεΐ τα δε κάμφιν.
20 Ι α μεν ούν ομοιομερή κατά μέρος διείληφε τάς δννάμεις τάς τοιαύτας (το μεν γάρ αυτών εστι μαλακόν τό δε σκληρόν, καί τό μεν υγρόν τό δε ξηρόν, καί τό μεν1 γλίσχρον τό δε κραΰρον), τα δ’ ανομοιομερή κατά πολλάς καί συγκείμενα ς άλλήλαις· ετερα γάρ προς τό πιεσαι τή χειρί χρή~ 25 σιμός δύναμις καί προς τό λαβεΐν. διόπερ εξ οστών καί νεύρων και σαρκός και τών άλλων τών τοιοντων συνεστήκασι τα οργανικά τών μορίων, <χλλ’ ονκ εκείνα εκ τούτων.
'Ως μεν ονν ενεκά τινος διά ταύτην την αιτίαν εχει περί τούτων τον ειρημενον τρόπον, επεί δε ζητείται καί πώς άναγκαΐον εχειν οϋτω, φανερόν ότι 80 προνπήρχεν οϋτω προς άλληλα εχοντα εξ ανάγκης
1 τὰ μεν ΡΖ : om. vulg.
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the Elements ; just so the non-uniform parts come later than the uniform. The non-uniform parts, indeed, whose manner of composition is that of the third sort, have reached the goal and End of the whole process ; and we often find that processes of formation reach their completion at this point.
Now animals are composed out of both of these two sorts of parts, uniform and non-uniform ; the former, however, are for the sake of the latter, as it is to the latter that actions and operations belong (e.g. eye, nose, tlie face as a whole, finger, hand, the arm as ;i whole). Ami inasmuch as the actions and movements both of an animal as a whole and of its parts are manifold, the substances out of which I hese are composed must of necessity possess divers dynamcis. Softness is is useful for some purposes, hardness for others : some parts must be able to stretch, some to bend.
In the uniform parts, then, such dynamcis are found apportioned out separately : one of the parts, for instance, will be soft, another hard, while one is fluid, another solid ; one viscous, another brittle. In the non-uniform parts, on the other hand, these dynamcis are found in combination, not singly. For example, the hand needs one dynamis for the action of compressing and another for that of grasping. Hence it is that the instrumental parts of the body are composed of bones, sinews, flesh, and the rest of them, and not the other way round.
The Cause which I have just stated as controlling the relation between them is. of course, a Final Cause ; but when we go on to inquire in what sense it is necessary that they should be related as they are, it becomes clear that they must of necessity have been thus related to each other from the beginning.
Ill
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646	b	,	,	„
τα μεν γάρ ανομοιομερή εκ τών ομοιομερών ενδέχεται συνεστάναι, καί εκ πλειόνων καί ενός, οΐον ενια των σπλάγχνων πολύμορφα γάρ τοΐς σχη-μασιν, εζ ομοιομερούς δντα σώματος ως ειπεΐν απλώς, τα δ’ ομοιομερή εκ τούτων αδύνατον το $5 γάρ ομοιομερές πόλλ’ αν εΐη ανομοιομερή.
647	a Διά μεν ουν ταύτας τάς αιτίας τα μεν άπλά και
ομοιομερή, τα δε σύνθετα και ανομοιομερή των μορίων εν τοΐς ζωοις εστιν.
*Οντων δε των μεν οργανικών μερών τών δ’ αισθητηρίων εν τοΐς ζωοις, τών μεν οργανικών 5 έκαστον ανομοιομερές εστιν, ώσπερ εΐπον πρότερον, ή δ’ αΐσθησις εγγίνεται πασιν εν τοΐς δμοιομερεσιν διά το τών αισθήσεων όποιανονν ενός τινος είναι γένους, καί το αισθητήριον έκαστου δεκτικόν είναι τών αισθητών, πάσχει 8e τό δυνάμει ον ύπο του ενεργεία οντος, ώστ εστι τό αυτό τω γενει, καί ίο (ειΥ εκείνο εν, καί τούτο εν, καί διά τούτο χ^ΐρα μεν ή πρόσωπον ή τών τοιούτων τι μορίων ουδείς εγχειρεΐ λέγειν τών φυσιολόγων τό μεν είναι γήν, τό δ’ ύδωρ, τό δε πΰρ· τών δ’ αισθητηρίων έκαστον 1 <«’> Ogle.
° The translation “ sense-organ ” must not be taken to imply that the part through which the sense functions is an 112
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It is possible for the non-uniform parts to be constructed out of the uniform substances, either out of many of them, or out of one only. (Examples of the latter are furnished by certain of the viscera, which, although they are of manifold shapes and forms, yet for all practical purposes may be said to consist of one only of the uniform substances.) But it is impossible for the uniform substances to be constructed out of the non-uniform parts : for then we should have an uniform substance consisting of several non-uniform parts, which is absurd.
These, then, are the Causes owing to Avhich some of the parts of animals are simple and uniform ; while others are composite and non-uniform.
Now the parts can also be divided up into (a) instrumental parts and (b) sense-organs.® And we may say that each of the instrumental parts of the body, as I have stated earlier, is always non-uniform, while sensation in all cases takes plcace in parts that are uniform. The reasons why this is so are the following : The function of each of the senses is concerned with a single kind of sensible objects ; and the sense-organ in each case must be such as can apprehend those objects. Now -when one thing affects another, the thing which is affected must be potentially what the other is actually; so both are the same in kind, and therefore if the affecting thing is single, the affected one is single too. Hence we find that while with regard to the parts of the body such as hand, or face, none of the physiologers attempts to say that one of them is earth, and another water, and another fire ; yet they do conjoin
“ organ ” in the stricter meaning of the word. “ Organs ” are normally “ non-uniform,” sense-organs are “ uniform.”
113
ARISTOTLE
7rpos* έκαστον ετηζενγνυουσι των στοιχείων, το μεν άερα φάσκοντες είναι, τό δε πυρ.
Ουσης δε της αίσθήσεως εν τοΐς άπλοΐς μερεσιν 15 εύλόγως μάλιστα συμβαίνει την άφήν εν όμοιομερεΐ μεν ήκιστα δ’ άπλώ των αισθητηρίων εγγίνεσθαι-μάλιστα γάρ αυτή δοκεΐ πλειόνων είναι γενών, και πολλάς £χειν εναντιώσεις το υπό ταύτην αισθητόν, θερμόν ψυχρόν, ξηρόν υγρόν και ει τι άλλο τοιοΰτον 20 καί το τούτων αισθητήριον, η σαρξ καί το ταυτη άνάλογον, σωματωδεστατόν εστι των αισθητηρίων, επεί δ’ άδόνατον είναι ζωον άνευ αίσθήσεως, και διά τούτο αν εϊη άναγκαΐον εχειν τοΐς ζωοις ενια μόρια ομοιομερή- η μεν γάρ αίσθησις εν τουτοις, αι 8ε πράξεις διά των ανομοιομερών ΰπαρχουσιν αυτοΐς.
25 Της δ’ αισθητικής δυνάμεως καί της κινουσης τό ζωον καί τής θρεπτικής εν ταυτώ μορίω του σώματος ουσης, καθάπερ εν ετεροις είρηται πρότερον, άναγκαΐον το εχον πρώτον μόριον τάς τοιαΰτας άρχάς, ή μεν εστι δεκτικόν πάντων τών αισθητών, τών απλών είναι μορίων, ή δε κινητικόν 30 καί πρακτικόν, τών ανομοιομερών, διόπερ εν μεν τοΐς άναίμοις ζωοις τό άνάλογον, εν δε τοΐς εναιμοις ή καρδία τοιουτόν εστιν διαιρείται μεν γάρ εις ομοιομερή καθάπερ τών άλλων σπλάγχνων έκαστοι', διά δε την του σχήματος μορφήν ανομοιομερές εστιν. ταυτη δ’ ήκολουθηκε καί τών άλλων τών
0 See De somno, 455 b 34 ff.
114
PARTS OF ANIMALS, II. i.
eaeh of the sense-organs with one of the elementary substances, and they assert that this sense-organ is air, this one fire.
Sensation thus takes place in the simple parts of the body. The organ in which touch takes place is, however, as we should expect, the least simple of all the sense-organs, though of course like the others it is uniform. This is evidently because the sense of touch deals with more kinds of sense-objects than one : and these objects may have several sorts of oppositions in them, e.g. hot and cold, solid and fluid, and the like. So the sense-organ which deals with these—viz. the flesh, or its counterpart—is the most corporeal of all the sense-organs. Another reason we might adduce why animals must of necessity possess some uniform parts at any rate, is that there cannot be such a thing as an animal Avith no power of sensation, and the seat of sensation is the uniform parts. (The non-uniform parts supply the means for the various activities, not for sensation.)
Further, since the faculties of sensation and of motion and of nutrition are situated in one and the same part of the body, as I stated in an earlier work,12 that part, which is the primary seat of these principles, must of necessity be included not only among the simple parts but also among the non-uniform parts— the former in virtue of receiving all that is perceived through the senses, the latter because it has to do \vith motion and action. In blooded animals this part is the heart, in bloodless animals the counterpart of the heart, for the heart, like every one of the other viscera, can be divided up into uniform pieces ; but on the other hand it is non-uniform owing to its shape and formation. Every one of the other so-
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35 καλούμενων σπλάγχνων εκάστον· ear τἡς αυτής 647 b γάρ ύλης συνεστάσιν' αίματική γάρ ή φύσις παντων αυτών διά τδ την θεσιν εχειν επι πόροις φλεβικοΐς και διαλήφεσιν. καθάπερ ον ν ρεοντος ϋδατος ιλύς, τάλλα σπλάγχνα τής διά των φλεβών ρύσεως τον αίματος οιον προχεύματά εστιν' ή δε καρδία, διά 5 το των φλεβών αρχή είναι και ύχειν εν αυτή την δύναμιν την δημιουργούσαν το αιμα πρώτην, εύλογον εξ οΐας άρχεται1 τροφής εκ τοιαύτης σνν-εστάναι και αυτήν.
Διότι μεν ονν αίματικά την μορφήν τα σπλάγχνα εστιν εΐρηται, και διότι τή μεν ομοιομερή τή δ’ ανομοιομερή.
ίο II. Τών δ’ ομοιομερών μορίων εν τοΐς ζώοις ἐστι τα μεν μαλακά και υγρά, τα δε σκληρά καί στερεά, υγρά μεν ή όλως ή εως αν ή εν τή φύσει, οιον αίμα, ίχώρ, πιμελή, στεαρ, μυελός, γονή, χολή, γάλα εν τοΐς εχουσι, σάρξ, και τα τούτοις άνάλογον 15 ου γάρ άπαντα τα ζώα τούτων τών μορίων τε-τευχεν, άλΧ ενια τών άνάλογον τούτων τισίν. τά δε ξηρά και στερεά τών ομοιομερών εστιν, οιον όστοΰν, άκανθα, νεΰρον, φλεφ. καί γάρ τών ομοιομερών ή διαίρεσις εχει διαφοράν' εστι γάρ ως εν ίων το μέρος ομώνυμον τω ολω, οιον φλεβός φλεφ, εστι ■20 δ’ ως ούχ ομώνυμον, αλλά προσώπου πρόσωπον ούδαμώς.
1 o"as corr. in loco plurium litterarum Y : οἴ ας Ζ (a? Z2 in rasura). άρχεται (vel αρχή εστι) Peck, cf. 666 a 7, b 1, etc. : δέχεται vulg.
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called viscera follows suit. They are all composed of the same material, as they all have a sanguineous character, and this is because they are situated upon the channels of the blood-vessels and on the points of ramification. All these viscera (excluding the heart) may be compared to the mud which a running stream deposits ; they are as it were deposits left by the current of blood in the bloodvessels. As for the heart itself, since it is the starting-point of the blood-vessels and contains the substance (dynamis) by which the blood is first fashioned, it is only to be expected that it will itself be composed out of that form of nutriment which it originates.
We have now stated why the viscera arc sanguineous in formation, and why in one aspect they are uniform and in another non-uniform.
II. Of the uniform parts in animals, some are The uniform soft and fluid, some hard and firm. Some are parts' permanently fluid, some are fluid only so long as they are in the living organism—e.g. blood, serum, lard, suet, marrow, semen, bile, milk (in the lactiferous species), flesh. (As these parts are of course not to be found in all animals, add to this list their counterparts.) Other of the uniform parts are solid and firm : examples are bone, fish-spine, sinew, bloodvessel. This division of the uniform parts admits a further distinction : There are some of them of which a portion has, in one sense, the same name as the whole (e.g. a portion of a bloodvessel has the name blood-vessel), and in another sense has not the same name. (In no sense is this the case with a non-uniform part ; for instance, a portion of a face cannot be called face at all.)
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Πρώτον μεν οΰν καί τοΐς ύγροΐς μορίοις καί τοΐς ξηροΐς πολλοί τρόποι της αιτίας είσίν. τα μεν γαρ ώς νλη των μερών των ανομοιομερών εστιν (εκ τούτων γαρ συνέστηκεν έκαστον των οργανικών μερών, εξ οστών και νεύρων και σαρκών και άλλων 25 τοιούτων συμβαλλόμενων τα μεν εις την ουσίαν τα δ’ εις την εργασίαν), τα δε τροφή τουτοις τών υγρών εστί (πάντα γαρ εξ ύγροΰ λαμβάνει την αϋξησιν), τα δε περιττώματα συμβεβηκεν είναι τούτων, οιον την τε της ξηράς τροφής ύπόστασιν και την της υγράς τοΐς εχουσι κύστιν.
Αυτών δε τούτων αι διαφοραί προς άλληλα του 30 βελτίονος ένεκέν είσιν, οιον τών τε άλλων και αίματος προς αίμα· το μεν γαρ λεπτότερου τό δε 7ταχύτερου και τό μεν καθαρώτερόν εστι τό δε θολερώτερον, ετι δε τό μέι φυχρότερον τό δε θερμότερου, εν τε τοΐς μορίοις του ενός ζώου (τό γαρ 35 ev τοΐς άνω μερεσι προς τα κάτω μόρια διαφέρει ταύταις ταΐς διαφοραΐς) καί ετερω προς έτερον.
648 a και άλως τα μεν έναιμα τών ζώων εστί, τα δ’ αντί του αίματος έχει έτερόν τι μόριον τοιοΰτον.
Έστι δ’ ισχύος μεν ποιητικώτερον τό παχύτερου αίμα καί θερμότεροι·, αίσθητικώτερον δε καί νοερώ-τερον τό λεπτότερου καί φυχρότερον. την αυτήν δ’ 5 έχει διαφοράν καί τό ανάλογου υπάρχου1 προς τό 1 το .. . ύπαρχον Ρ: τών . . . ύπαρχόιτων vulg. * i.
° Or, “ reason.” b See Introduction, pp. 32 ff. e See Introduction, pp. 28 ff.
d With this passage compare Hippocrates, ΓΓξω διαίτης,
i. 35. See also below, 650 b 24 ff., and Introduction, pp. 37-39.
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Now first of all there are many sorts of Cause a to which the existence of these uniform parts, both the fluid and the solid ones, is to be ascribed. Some of them act as the material for the non-uniform parts (e.g. each of the instrumental parts is composed of these uniform parts—bones, sinews, fleshes, and the like, which contribute either to its essence, or else towards the discharge of its proper function). Another group of the uniform parts—fluid ones—act as nutriment for the ones just mentioned, since everything that grows gets the material for its growth from what is fluid ; and yet a third group are residues6 produced from the second group :	examples, the
excrement deposited from the solid nutriment and (in those animals which have a bladder) from the fluid nutriment.
Further, variations are found among different specimens of these uniform parts, and this is to subserve a g-ood purpose. Blood is an excellent illustration. Blood can be thin or thick, clear or muddy, cold or warm ; and it can be different in different parts of the same animal : instances are known of animals in which the blood in the upper parts differs from that in the lower parts in respect of the characteristics just enumerated. And of course the blood of one animal differs from that of another. And there is the general division between the animals that have blood and those which instead of it have a partc which is similar to it though not actually blood.
The thicker and warmer the blood is, the more it makes for strength ; if it tends to be thin and cold, it is conducive to sensation and intelligence.** The same difference holds good with the counterpart of
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αΐμα■ διό καί μελιτται καί άλλα τοιαΰτα ζώα φρο-νιμώτερα την φυσιν εστίν εναίμων πολλών, καί τών εναίμων τα φυχρόν εχοντα καί λεπτόν αΐμα φρονι-μώτερα τών εναντίων εστίν. άριστα δε τα θερμόν ίο εχοντα καί λεπτόν καί καθαρόν άμα γάρ πρός τ’ ανδρείαν τα τοιαΰτα καί πρός φρόνησιν εχει καλώς, διό και τα άνω μόρια πρός τα κάτω ταυτην εχει την δι αφοράν, και πρός τό θήλυ αν τό άρρεν, και τα δεξιά πρός τα αριστερά του σώματος.
'Ομοίως δε καί περί τών άλλων καί τών τοιουτων 15 μορίων καί τών ανομοιομερών ύποληπτεον όχειν την διαφοράν, τα μεν πρός τα έργα καί την ουσίαν εκάστω τών ζώων, τα δε πρός τό βελτιον η χείρον, οΐον εχόντων οφθαλμούς άμφοτερων τα μεν εστι σκληρόφθαλμα τα δ’ ύγρόφθαλμα, καί τα μεν ούκ εχει βλέφαρα τα. δ’ εχει, πρός τό την σφιν άκρι-βεστεραν είναι.
20 "Οτι δ’ άναγκάιον εχειν η αΐμα η τό τουτω την αυτήν εχον φυσιν, καί τις εστιν η του αίματος φύσις, πρώτον διελομενοις περί θερμού καί φνχροΰ, οϋτω καί περί τούτου θεωρητεον τάς αιτίας, πολλών γάρ η φύσις ανάγεται πρός ταυτας τάς άρχάς, καί 25 πολλοί διαμφισβητοΰσι ποια θερμά καί ποια φυχρά τών ζώων η τών μορίων, ενιοι γάρ τά ένυδρα τών πεζών θερμότερά φασιν είναι, Α άγοντες ώς επανισοΐ την φυχρότητα του τόπου η τής φυσεως αυτών
° This sentiment, which at first sight appears to go against the Aristotelian teleology, is supported by actual instances, e.g. the horns of the backward-grazing oxen (65!) a 19) and of the deer (663 all) and the talons of certain birds (694 a 20). 120
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blood in other creatures : and thus we can explain •why bees and other similar creatures are of a more intelligent nature than many animals that have blood in them ; and among the latter class, why some (viz. those whose blood is cold and thin) are more intelligent than others. Best of all are those animals whose blood is hot and also thin and clear ; they stand well both for courage and for intelligence. Consequently, too, the upper parts of the body have this pre-eminence over the lower parts ; the male over the female ; and the right side of the body over the left.
What applies to the blood applies as well to the other uniform parts and also to the non-uniform parts ; similar variations occur. And it must be supposed that these variations either have some reference to the activities of the creatures and to their essential nature, or else bring them some advantage or disadvantage.0 For example, the ej'es of some creatures are hard in substance, of others, fluid ; some have eyelids, others have not. In both cases the difference is for the sake of greater accuracy of vision.
Before we can go on to consider the reasons why all animals must of necessity have blood in them or something which possesses the same nature, and also what the nature of blood itself is, we must first come to some decision about hot and cold. The nature of many things is to be referred back to these two principles, and there is much dispute about which animals and which parts of animals are hot and which are cold. Some assert that water-animals are hotter than land-animals, and they allege that the creatures’ natural heat makes up for the coldness of their habitat.
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θερμό της, καί τα άναιμα των εναίμων καί τα θήλεα των αρρενων, οΐον ΥΙαρμενίδης τάς γυναίκας των 30 άνδρών θερμοτερας είναι φησι και ετεροί τινες ως διά την θερμότητα και πολυαιμούσαις γινομένων των γυναικείων, Εμπεδοκλής δε τουναντίον ετι δ’ αίμα και χολήν οι μεν θερμόν όποτερονοΰν είναι φασιν αυτών, οι δε φυχρόν. ει δ’ εχει τοσαυτην τό θερμόν και τό φυχρόν άμφισβητησιν, τι χρη 35 περί των άλλων ύπολαβεΐν; ταΰτα γάρ η μιν εναργέστατα των περί την αΐσθησιν.
’Έοικε δε διά τό πολλαχόΰς λεγεσθαι τό θερμό-648 b τερον ταΰτα συμβαίνειν έκαστος γάρ δοκεΐ τι λέγειν τάναντία λεγων. διό δει μη λανθάνειν πώς δει τών φύσει συνεστώτων τά μεν θερμά λέγειν τά δε φυχρά και τα μεν ξηρά τά δ’ υγρά, επει οτι γ* αίτια ταΰτα σχεδόν και θανάτου και ζωής εοικεν 5 είναι φανερόν, ετι δ’ ύπνου καί εγρηγόρσεως καί ακμής καί γήρως καί νόσου καί ύγιείας, άλλ’ ου τραχύτητες καί Αειότητες ουδέ βαρύτητες καί κουφότητες ούδ’ άλλο τών τοιουτων ούδεν ως είπεΐν. καί τοΰτ εύλόγως συμβεβηκεν καθάπερ γάρ εν ετεροις είρηται πρότερον, άρχαί τών φυσικών ίο στοιχείων αδταί είσι, θερμόν καί φυχρόν καί ξηρόν καί υγρόν.
ΥΙότερον οΰν απλώς λεγεται τό θερμόν η πλεο-ναχώς; δει δη λαβεΐν τί εργον τοΰ θερμότερου, η
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Further, it is asserted that bloodless animals are hotter than those that have blood ; and that females are hotter than males. Parmenides and others, for instance, assert that women are hotter than men on the ground of the menstrual How, which they say is due to their heat and the abundance of their blood. Empedocles, however, maintains the opposite opinion. Again, some say that blood is hot and bile cold, others that bile is hot and blood eold. And if there is so much dispute about the hot and the cold, which after all are the most distinct of the things which affeet our senses, what line are we to take about the rest of them ?
Now it looks as if tlie difficulty is due to the term Tho primary “ hotter ” being used in more senses than one, as there	'
seems to be something in what each of these writers and “cuid." says, though their statements are contradictory.
Hence we must permit no ambiguity in our application of the descriptions “ hot ” and “ eold,” “ solid ” and “ fluid ” to the substances that are found produced by nature. It is surely sufficiently established that these four principles (and not to any appreciable extent roughness, smoothness, heaviness, lightness, or any such things) are practically the causes controlling life and death, not to mention sleep and waking, prime and age, disease and health. And this, after all, is but reasonable, because (as I have said previously in another work) these four—hot, cold, solid, fluid—are the principles of the physical Elements.α
Let us consider, then, whether the term “ hot ” has one sense or several. To decide this point, we must find out what is the particular effeet which a body has in virtue of being1 hotter than another, or, if there are several such effects, how many there are.
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πόσα, el πλείω. ενα μεν δη τρόπον λεγεται μάλλον θερμόν ύφ’ ον μάλλον θερμαίνεται το άπτόμενον, 15 άλλως δε τό μάλλον αϊσθησιν εμποιοΰν iv τω θιγγάνειν, καί τοΰτ , εάν μετά λύπης, εστι δ’ ότε δοκεΐ τοΰτ είναι, ψεΰδος· ενίοτε γάρ η εζις αίτια του άλγεϊν αισθανομενοις. ετι τό τηκτικώτερον τ ον τηκτοΰ καί τοΰ καυστοΰ καυστικώτερον. ετι εάν η τό μεν πλέον τό δ’ ελαττον τό αυτό, τό πλέον τοΰ 20 ελάττονος θερμότερον. προς δή τούτοις δυοΐν τό μη ταχέως φυχόμενον άλλα βραδέως θερμότερον, καί τό θάττον θερμαινόμενον τοΰ θερμαινόμενου βραδέως θερμότερον είναι την φυσιν φαμεν, ως τό μεν εναντίον ότι πόρρω, τό δ’ όμοιον ότι εγγύς, λεγεται μεν ούν ει μη πλεοναχώς, άλλα τοσαυταχώς 25 ετερον ετερου θερμότερον τούτους δε τους τρόπους άδννατον ύπάρχειν τω αύτω πάντας· θερμαίνει μεν γάρ μάλλον τό ζέον ύδωρ τής φλογός, καίει δε και τήκει τό κανστόν καί τηκτόν ή φλόζ, τό δ’ ύδωρ ούδεν. ετι θερμότερον μεν τό ζέον ύδωρ ή πΰρ ολίγον, φνχεται δε καί θάττον καί μάλλον τό θερμόν so ύδωρ μικροΰ πυράς· ου γάρ γίνεται ψυχρόν πΰρ, ύδωρ δε γίνεται πάν. ετι θερμότερον μεν κατά την άφήν τό ζέον ύδωρ, ψύχεται δε θάττον καί πήγνυται τοΰ ελαίου, ετι τό αΐμα κατά μεν την άφήν θερμότερον ϋδατος καί ελαίου, πήγνυται δε θάττον. ετι λίθοι καί σίδηρος καί τα τοιαΰτα θερμαίνεται μεν 35 βραδύτερον ϋδατος, καίει δε θερμανθεντα μάλλον, προς δε τούτοις των λεγομένων θερμών τα μεν
° Alluding, perhaps, to the expansion due to heat.
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A is said to be “ hotter ” than Β (1) if that which comes into contact with it is heated more by it than by B. (2) If it produces a more violent sensation when touched, and especially if the sensation is accompanied by pain. (The latter is not always a true indication, since sometimes the pain is due to the condition of the percipient.) (3) If it is a better melting or burning agent. (4) If it is of the same composition as B, hut greater in bulk.a it is said to he “ hotter ” than B. and in addition (5) if it cools more slowly than B, or warms up more quickly : in both these cases avc call the thing “ hotter ” in its nature—as we call one thing “ contrary ” to another when it is far removed from it, and “ like ” it when it is near it. But although the semes in which one thing· is said to be “ hotter ” than another are certainly as many as this, if not more, yet no one thing can be “ hotter ” in all of these ways at once. For instance, boiling water can impart heat more effectively than flame : but flame is able to cause burning and molting, whereas water is not. Again, boiling water is hotter than a small fire, but the hot water will cool off more quickly and more thoroughly than the small fire, since fire docs not become cold, but all water does. Again, boiling water is hotter to the touch than oil, yet it cools and solidifies more quickly. And again, blood is warmer to the touch than either water or oil, yet it congeals more quickly. Again, stone and iron and such substances get hot· more slowly than water, but once they are hot they burn other things more than water can. In addition to all this there is another distinction to be made among the things that are called “ hot ” : in some of them the
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649 a άλλοτρίαν εχει την θερμότητα τα δ’ οίκείαν, διαφέρειι δε τό θερμόν είναι ούτως η εκείνως πλεΐστον, εγγύς γάρ τον κατά σνμβεβηκός είναι θερμόν αλλά μη καθ' αυτό θάτερον αυτών ώσπερ αν ει τις λόγοι, 6 ει σνμβεβηκός εϊη τω πυρεττοντι είναι μονσικω, τον μουσικόν είναι θερμότερον η τον μεθ' ύγιείας θερμόν, επεί δ' εστί τό μεν καθ' αυτό θερμόν το δε κατά σνμβεβηκός, φόχεται μεν βραδύτερου το καθ' αυτό, θερμαίνει δε μά/\λον πολλάκις την αΐ-σθησιν τό κατά σνμβεβηκός· και πάλιν καίει μεν ίο μάλλον τό καθ' αυτό θερμόν, οίον η φλόζ τον ϋδατος του ζέοντος, θερμαίνει 3e κατά την άφην τό ζέον μάλλον, τό κατά σνμβεβηκός θερμόν, ώστε φανερόν οτι τό κρΐναι δνοΐν πότερον θερμότερον ονχ άπλονν ώδί μεν γάρ τάδε εσται θερμότερον, ώδι δε 15 θάτερον. ενια δε των τοιοντων ονδ' εστιν άπλώς είπεΐν ότι θερμόν η μη θερμόν ο μεν γάρ ποτε τυγχάνει ον τό υποκείμενον ου θερμόν, συνδναζό-μενον δε θερμόν, οΐον ει τις θεΐτο όνομα ύδατι η σιδηρω θερμώ· τούτον γάρ τον τρόπον τό αΐμα θερμόν εστιν. και ποιεί δε φανερόν εν τοΐς τοιού-20 τοις ότι τό φυχρόν φύσις τις άλλ’ ου στέρησις εστιν, εν όσοις τό υποκείμενον κατά πάθος θερμόν εστιν. τάχα δε καί ή του ττυρός φύσις, ει ετυχε, τοιαύτη τις εστιν ίσως γάρ τό υποκείμενόν εστιν η καπνός η άνθραξ, ών τό μεν αει θερμόν (άναθνμίασις γάρ ο καπνός), ο δ’ άνθραξ άποσβεσθεις φυχρός. ελαιον δε καί πεύκη γενοιτ αν φνχρά. εχει δε θερμότητα
° That is, “ blood ” is really “ hot xand the “ x ” is no more hot of its own nature than the “ water ” in “ hot water.” Cf. 649 b 21 ff., and Torstrik, JRh. Mus. xii. 161 ff.
b Perhaps a reference to the resin which is in firwood or is obtained from it.
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heat is their own ; in others it has been derived from without. And there is a very great difference between these two ways of being hot, because one of them comes near to being hot “ by accident ” and not hot “ of itself” ; as is obvious, supposing anyone were to assert, if a fever-patient were “ by accident ” a man of culture, that the man of culture is hotter than a man whose heat is due to his perfect health. Thus some things are hot “ of themselves ” and some hot “ by accident,” and though the former cool more slowly, the latter are in many cases hotter in their effect upon the senses. Again, the former have a greater power of burning : e.g. a flame burns you more than boiling water, yet the boiling water, which is hot only “ by accident,” causes a stronger sensation of heat if you toucli it. From this it is plain that it is no simple matter to decide which of two tilings is the hotter. The first will be hotter in one way, and the second in another. In some cases of this sort it is actually impossible to say simply that a thing is hot or is not hot. I mean cases in which the substratum in its permanent nature is not hot, but when coupled (with heat) is hot; as if we were to give a special name to hot water or hot iron : that is the mode in which blood is hot.a These cases, in which the substratum is hot merely through some external influence, make it clear that cold is not just a privation but a real thing in itself. Perhaps even fire may be an instance of this kind. It may be that its substratum is smoke or charcoal: and, though smoke is always hot because it is an exhalation, charcoal when it goes out is cold. In the same way oil and firwood 6 become cold. Further, practically all
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25 καί τα πυρωθεντα πάντα σχεδόν, οιον κονία καί τέφρα, καί τα αποστήματα τών ζώων, καί των περιττωμάτων ή χολή, τω εμπ επυρεΰσθαι και εγκαταλελεϊφθαί τι εν αύτοΐς θερμόν. άλλον δε τρόπον θερμά1 πεύκη καί τα πίονα, τω ταχύ μεταβάλλει ν εις ενεργειαν πυράς.
30 Αοκει δε τό θερμόν και πηγνύναι και τηκειν. οσα μεν ούν ύδατος μόνον, ταΰτα πήγνυσι τό φυχρόν, οσα δε γης, τό πΰρ· καί τών θερμίυν πηγνυται υπό φυχροΰ ταχύ μεν οσα γης μάλλον καί άλύτως, λυτώς δ’ οσα ύδατος. άλλα περί μεν τούτων εν ετεροις διώρισται σαφεστερον, ποια τα πηκτά, καί πηγνυται διά τινας αιτίας.
35 Τό δε τί θερμόν καί ποιον θερμότερου επειδή 649 b λεγεται πλεοναχώς, ου τον αυτοί’ τρόπον υπάρξει πόσιν, άλλα προσδιοριστέον οτι καθ' αυτό μεν τάδε, κατά συμβεβηκός δε πολλάκις θάτερον,2 ετι δε δυνάμει μεν τοδί, τοδί δε κατ' ενεργειαν, καί τόνδε μεν τον τρόπον τοδί, τω μάλλον την άφην θερ-5 μαίνειν, τοδί δε τω φλόγα ποιεΐν καί πυροΰν. λεγομένου δε του θερμού πολλαχώς, ακολουθήσει δηλον ότι καί τό φυχρόν κατά τον αυτόν λόγον.
Και περί μεν θερμού καί φυχροΰ καί της υπεροχής αυτών διωρίσθω τον τρόπον τούτον.
III. Έχόμενον δε καί περί ξηρού καί υγρού διελ-ιο θεΐν ακολούθως τοΐς ειρημενοις. λεγεται δε ταΰτα
1	θερμά Peek : θ(ρμόν ν ill".
2	πολλάκις θάτερον] mini τὰλλο θερμότεροι·?
° See Meteor. 382 b 31 if., 3sS b 10 ff.
b Probably the text should be altered to read : “ 7? hotter by accident."
“ See note υπ 6i6 a 16, and Introd. p. 32.
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things that have passed through «α process of combustion have heat in them, such as cinder, ash, the excrement of animals, and bile (an instance of a residue). These have passed through fire and some heat is left behind in them. Finvood and fatty substances are hot in another -way : they can quickly change into the actuality of fire.
We must recognize that “ the hot ” can cause both congealing and melting. Things that consist of Avater only are solidified by the cold, those that consist of earth, by fire. Again, hot things are solidified by cold : those that consist chiefly of earth solidify quickly, and the product cannot be dissolved again ; those that consist chiefly of water can be dissolved after solidification. I have dealt more particularly Avith these matters in another work/1 where I have stated what things can be solidified, and the causes that are responsible for it.
So, in view of the fact that there arc numerous senses in which a thing· is said to be“ hot ” or “ hotter,” the same meaning will not apply to all instances, but we must specify further, and say that A is hotter “ of itself,” Β perhaps “ by accident ”b ; and again that C is hotter potentially, D actually ; and we must also say in what way the tiling’s heat manifests itself: e.g. E causes a greater sensation of heat when touched; F causes flame and sets things on fire.
And of course, if “ the hot ” is used in all these senses, there will be an equal variety of senses attaching to “ the cold.”
This will suffice for our examination of the terms “ hot ” and “ cold,” “ hotter ” and “ colder.”
III.	It follows on naturally after this to discuss (hi “solid" “the solid” and “the fluid”® on similar lines. Ηη(1 fluId'
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πλεοναχώς, οΐον τα μεν Συνάμα τα δ’ ένεργεία. κρύσταλλος γάρ καί παν το πεπηγάς υγρόν λέγεται ξηρά1 μεν ενεργεία καί κατά συμβεβηκός, οντα δυνάμει καί καθ' αυτά υγρά, γη δέ και τέφρα καί 15 τά τοιαΰτα μιχθέντα ύγρώ ενεργεί α μεν υγρά καί κατά συμβεβηκός, καθ' αυτά δε καί δυνάμει ξηρά' διακριθέντα δε ταΰτα τά μεν ΰδατος άναπληστικά καί ενεργεία καί δυνάμει υγρά, τά δε γης άπαντα ξηρά, καί το κυρίως καί άπλώς ξηρόν τοΰτον μάλιστα λέγεται τον τρόπον, ομοίως δε καί θάτερα 20 τα υγρά κατά τον αυτόν λόγον εχει το κυρίως καί άπλώς, καί επί θερμών καί φυχρών. τούτων δέ διωρισμένων φανερόν ότι το αίμα ώδί μεν εστι θερμόν [οΐον τι2 ην αύτώ το αΐματι είναι;\· καθάπερ γά ρ3 ει ον ό ματ ϊ τινι4 σημαίνοιμεν το ζέον ύδωρ, οϋτω λέγεται' το δ' υποκείμενον καί δ ποτε ον 25 αΐμά έστιν, ου θερμόν καί καθ' αυτά έστι μεν ως θερμόν έστιν, εστι δ' ως ου- εν μεν γά ρ τω λόγω υπάρξει αύτοΰ η θερμότης, ώσπερ εν τω τού λευκού ανθρώπου το λευκόν η δέ κατά πάθος, το αίμα ου καθ' αυτά θερμόν.5
Όμοια»? δε καί περί ξηρού καί υγρού, διά καί
1 ξηρά Peck : ξηρόν vulg.
2	οἶόν τι Bekker, haee, signo interrog, adscr., seclusi.
3	γὰρ Ζ : om. vulg.
1 όνόματί τινι PSUZ2 : όνο ματ l τι ΕΥ : όνόματι Vlllg·.
5 11. 22-29 interpunctionem correxi.
° i.e. they assume the shape of the receptacle into which they are put.
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These terms are used in several senses. E.g. “ solid ” and “ fluid ” may mean either potentially solid and fluid or actually solid and fluid. Ice and other congealed fluids are said to be solid actually and by accident, though in themselves and potentially they are fluid. On the other hand, earth and ash and the like, when they have been mixed with a fluid, are fluid actually and by accident, but potentially and in themselves they are solid. When these mixtures have been resolved again into their components, we have on the one hand the watery constituents, which are anaplestic,a and fluid actually as well as potentially, and on the other hand the earthy components which are all solid : and these are the cases where the term “ solid ” is applicable most properly and absolutely. In the same way, only those things which are actually as well as potentially fluid, or hot, or cold, are such in the proper and absolute sense of the terms. Bearing this distinction in mind, we see it is plain that in one way blood is hot [e.g. what is the essential definition of blood ?], for the term “ blood ” is used just as the term for “ boiling water ” would be, if we had a special name to denote that ; but in another way, i.e. in respect of its permanent substratum, blood is not hot. This means that in one respect blood is essentially hot, and in another respect is not. Heat will be included in the logos of blood, just as fairness is included in the logos of a fair man, and in this way blood is essentially hot ; but in so far as it is hot owing to external influence, blood is not essentially hot.
Λ similar argument would hold with regard to the solid and the fluid. And that is why some of these E 2	131
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δ*9 b ,	^	, ,	Λ	,	>	» η ν χ ,	,
ev ττ] φύσει των τοιουτων τα μεν θερμά και νγρα,
30 χωριζόμενα δβ πήγνυται και φυχρά φαίνεται, οιον το αΐμα, τα 6e θερμά και πάχος εχοντα καθάπερ ή χολή, χωριζόμενα δ’ εκ τής φύα εως των εχόντων τουναντίον πάσχει· φνχεται yap και υγραίνεται· το μεν γάρ αΐμα ξηραίνεται μάλλον, υγραίνεται δ η ξανθή χολή, το δε μάλλον και ήττον μετεχειν των 35 αντικείμενων ως ύπάρχον1 δει τιθεναι τουτοις.
650 β Πω? μεν οΰν θερμόν και πώς υγρόν, και πώς τών εναντίων ή φύσις του αίματος κεκοινώνηκεν, εϊρηται σχεδόν.
Έ·77€ΐ δ’ ανάγκη παν το αυξανόμενου λαμβάνειν τροφήν, ή §€ τροφή πόσιν εξ ύγροΰ και ξηροΰ, και 5 τούτων ή πεφις γίνεται καί ή μεταβολή διά τής του θερμού δυνάμεως, καί τά ζώα πάντα καί τα φυτά, καν ει μή δι’ άλλην αιτίαν, αλλά διά ταύτην άι>αγ-καίον όχειν αρχήν θερμού φυσικήν. [και ταυτην ώσπερ] αι (δ’)2 εργασίαι τής τροφής πλειόνων εισι μορίων ή μεν γάρ πρώτη φανερά τοΐς ζωοις ίο λειτουργία διά του στόματος ουσα καί τών εν τούτω μορίων, όσων ή τροφή δεΐται διαιρεσεως. ἀλλ’ αυτή μεν ουδεμιάς αιτία πεφεως, άλλ’ εύ-πεφίας μάλλον ή γάρ εις μικρά διαίρεσις τής τροφής ράω ποιεί τω θερμώ τήν εργασίαν ή δε τής άνω καί τής κάτω κοιλίας ήδη μετά θερμότητος
1 ύπαρχον Peck : υπάρχοντα vulg.
3 και ταύτην ώσπερ seclusi, (δ’) supplevi :	και ταύτην
(πλείοσι μορίοις ενυπάρχουσαν) Camus.
β See above, note on <>14 a 17. b See Introduction, p. 34·.
c Lit. “ the dynamis of the hot substance,” perhaps here something more than a mere periphrasis for “ the hot sub-
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substances while in the living organism are hot and fluid, but when separated from it congeal and are observed to be cold, as blood does ; others, like yellow bile, are hot and of a thick consistency while in the organism, but when separated from it undergo a change in the opposite direction and become cool and fluid. Blood becomes more solid, yellow bile becomes fluid. And we must assume that “ more and less ” a participation in opposite characteristics is a property of these substances.
We have now pretty well explained in what way blood is hot, in what way it is fluid, and in what way it participates in opposite characteristics.
Everything that grows must of necessity take food. This food is always supplied by fluid and solid matter, and the concoction 6 and transformation of these is effected by the agency of heat.c Hence, apart from other reasons, this would be a sufficient one for holding that of necessity all animals and plants must have in them a natural source of heat ; though there are several parts which exert action upon the food. In the case of those animals whose food needs to be broken up, the first duty clearly belongs to the mouth and the parts in the mouth. But this operation does nothing whatever towards causing concoction : it merely enables the concoction to turn out successfully ; because when the food has been broken up into small pieces the action of the heat upon it is rendered easier. The natural heat comes into play in the upper and in the lower gut, stance,” as emphasizing its proper and specific natural character, which makes it a particularly good agent for effecting concoction. See Introduction, pp. 30-32.
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is φυσικής ποιείται τήν πέφιν. ώσπερ δε και το στόμα τής ακατέργαστου τροφής πόρος έστί, και τό συνεχές αύτω μόριον ο καλοΰσιν οισοφάγον, όσα των ζώων έχει τοΰτο τό μόριον, 'όως εις τήν κοιλίαν, οϋτω καί άλλους δεΐ πόρους1 είναι, Si ών άπαν λήφεται τό σώμα τήν τροφήν, έύσπερ 20 εκ φάτνης, έκ τής κοιλίας και τής των έντέρων φυσεως. τα μεν γάρ φυτά λαμβάνει τήν τροφήν κατειργασμένην έκ τής γής ταΐς ρίζαις (διό καί περίττωμα ου γίνεται τοΐς φυτοΐς· τή γάρ γή καί τή iv αυτή θερμότητι χρήται ώσπερ κοιλία), τα δε ζώα πάντα μεν σχεδόν, τα δε πορευτικά φανερώς, 25 οΐον γήν εν αύτοΐς έχει τό τής κοιλίας κύτος, εξ ής, ώσπερ εκείνα ταΐς ρίζαις, ταΰτα δεΐ τινι τήν τροφήν λαμβάνειν, εως τό τής εχομενης πέφεως λάβτ] τέλος, ή μεν γάρ του στόματος εργασία παρα-δίδωσι τή κοιλία, παρά δε τ αυτή ς έτερον άναγκαΐον λαμβάνειν, δπερ συμβεβηκεν αι γάρ φλέβες κατα-30 τείνονται διά του μεσεντερίου παράπαν, κάτωθεν άρξάμεναι μέχρι τής κοιλίας, δεΐ δε ταΰτα θεωρεΐν εκ τε τών ανατομών καί τής φυσικής ιστορίας.
Έπει δε πάσης τροφής έστί τι δεκτικόν καί τών γινομένων περιττωμάτων, αι δε φλέβες οίον άγγεΐον αίματός είσι, φανερόν ότι τό αίμα ή τελευταία 35 τροφή τοΐς ζωοις τοΐς έναίμοις έστί, τοΐς δ’ άναίμοις
1 άλλου? δεΐ πόρους Peck: άλλας άρχάς δεΐ πλείους vulg. * 6
α Cf. Shakespeare, Coriolamts ι. i. 133-152.
6 The membrane to which the intestines are attached. c Dissections (or Anatomy) is a treatise which has not survived.
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which effect the concoction of the food by its aid. And, just as the mouth (and in some animals the so-called oesophagus too which is continuous with it) is the passage for the as yet untreated food, and conveys it to the stomach ; so there must be other passages through which as from a manger the body as a whole may receive its food from the stomach and from the system of the intestines.® Plants get their food from the earth by their roots ; and since it is already treated and prepared no residue is produced by plants—they use the earth and the heat in it instead of a stomach, whereas practically all animals, and unmistakably those that move about from place to place, have a stomach, or bag,—as it were an earth inside them—and in order to get the food out of this, so that finally after the successive stages of concoction it may reach its completion, they must have some instrument corresponding to the roots of a plant. The mouth, then, having done its duty by the food, passes it on to the stomach, and there must of necessity be another part to receive it in its turn from the stomach. This duty is undertaken by the blood-vessels, which begin at the bottom of the mesentery,6 and extend throughout the length of it right up to the stomach. These matters should be studied in the Dissectionsc and my treatise on Natural History:d
We see then that there is a receptacle for the food at each of its stages, and also for the residues that are produced ; and as the blood-vessels are a sort of container for the blood, it is plain that the blood (or its counterpart) is the final form of that food in living
d The Natural History, otherwise History of Animals or Researches upon Animals. See 495 b 19 ff., 514 b 10 ff.
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τό ανάλογον. καί διά τούτο μἡ Λαμβάνουσί τε 650 b τροφήν απολείπει τούτο καί λαμβάνουσιν αυξάνεται, καλ χρηστής μεν ούσης υγιεινόν, φαύλης Se φαϋλον. οτι μεν ονν το αίμα τροφής ενεκεν υπάρχει τοΐς εναίμοις, φανερόν εκ τούτων και των τοιοντων. και γάρ διά τοϋτο θιγγανόμενον αΐσθησιν ου ποιεί δ (ώσπερ ούδ’ άλλο των περιττωμάτων ούδεν, ούδ’ ή τροφή) καθάπερ σάρξΛ αυτή γάρ θιγγανομενη ποιεί αΐσθησιν. ον γάρ συνεχές εστι το αΐμα ταντη ουδέ συμπεφυκός, άλλ’ οΐον εν άγγείω τυγχάνει κείμενον εν τε τή καρδία και ταΐς φλεφίν. ον δε τρόπον λαμβάνει εξ αυτόν τά μόρια την αϋξησιν, ετι δε ίο 77ερι τροφής όλως, εν τοΐς περί γενεσεως και εν ετεροις οϊκειότερόν εστι διελθεΐν. νυν δ’ επί τοσοΰτον είρήσθω (τοσοΰτον γάρ χρήσιμον), οτι τό αίμα τροφής ενεκα καί τροφής των μορίων εστίν.
IV.	Τα? δε καλούμενος ΐνας τό μεν εχει αίμα ϊ·"’ το δ’ ονκ εχει, οΐον τό των ελάφων καί προκών, διόπερ ου πήγνυται τό τοιοΰτον αίμα· τοΰ γάρ αίματος τό μεν υδατώδες μάλλον2 εστι, διό καί ου πήγνυται, τό δε γεώδες πήγνυται σννεξατμίζοντος τοΰ νγροΰ· αι δ’ ΐνες γής είσιν.
Συμβαίνει δ’ ενιά γε καί γλαφνρωτεραν εχειν ·_ό την διάνοιαν τών τοιούτων, ον διά την φυχρότητα τοΰ αίματος, αλλά διά την λεπτότητα μάλλον καί
1 II. 4 f., interpunctionem correxit Γornford.
2 μάλλον Ζ : μάλλον ψυχρόν Vlllg.
° In the Second Book. Also in De gen. et eorr. h With the sentiments of the following passage and its terminology (“ more intelligent,” “ soul,” “ blend,” etc.1 compare the very interesting passage in Hippocrates, Περί διαίτης, i. ;>5. Cf. 64S a 3.
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creatures. This explains why the blood diminishes in quantity when no food is taken and increases when it is ; and why, when the food is good, the blood is healthy, when bad, poor. These and similar considerations make it clear that the purpose of the blood in living ereatures is to provide them with nourishment; and also why it is that when the blood is touched it yields no sensation, as tfesh does when it is touched. Indeed, none of the residues yields any sensation either, nor does the nourishment. This difference of behaviour is because the blood is not continuous with the flesh nor conjoined to it organically : it just stands in the heart and in the blood-vessels like water in a jar. A description of the way in which the parts of the body derive their growth from the blood, and the discussion of nourishment in general, comes more appropriately in the treatise on Generationa and elsewhere. For the present it is enough to have said that the purpose of the blood is to provide nourishment, that is to say, nourishment for the parts of the body. So much and no more is pertinent to our present inquiry.
IV.	The blood of some animals contains what are The called fibres ; the blood of others (e.g. the deer and the gazelle) does not. Blood which lacks fibres does not eongeal, for the following reason. Part of the blood is of a more watery nature, and therefore does not congeal ; while the other part, which is earthy, congeals as the fluid part evaporates off. The fibres are this earthy part.
Now some of the animals whose blood is watery have a specially subtle intelligence.6 This is due not to the coldness of their blood, but to its greater thin-
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διά τό καθαρον είναι· το γάρ γεώδες ουδέτερον εχει τούτων, εύκινητοτεραν γάρ εχουσι την αΐσθησιν τα λεπτοτεραν εχοντα την υγρότητα καί καθαρωτεραν. διά γάρ τούτο καί των άναίμων ενια συνετωτεραν εχει 25 την φνχην ενίων εναίμων, καθάπερ εϊρηται πρότερον, οΐον η μελιττα καί το γόνος το των μνρμηκων καν ει τι ετερον τοιοΰτόν εστιν. δειλότερα δε τα λίαν υδατώδη, ό γάρ φόβος καταφϋχει· προωδοποίηται ονν τω πάθει τα τοιαυτην εχοντα την εν τη καρδία so κράσιν τό γάρ ϋδωρ τω φυχρώ πηκτόν εστιν. διό και τα Αλα τα άναιμα δειλότερα των εναίμων εστιν ως απλώς είπεΐν, καί άκινητίζει τε φοβούμενα και προΐεται περιττώματα και μεταβάλλει ενια τάς χρόας αυτών, τα δε πολλάς εχοντα λίαν ΐνας και παχείας γεωδεστερα την φΰσιν εστι και θυμώδη τό 85 ήθος καί εκστατικά διά τον θυμόν, θερμότητος γάρ ποιητικόν 6 θυμός, τα δε στερεά θερμανθεντα 65la μάλλον θερμαίνει τών υγρών· αι δ’ ΐνες στερεόν καί γεώδες, ώστε γίνονται οΐον πυρίαι εν τω αιμάτι καί ζεσιν ποιοΰσιν εν τοΐς θυμοΐς. διό οι ταύροι καί οι κάπροι θυμώδεις καί εκστατικοί■ το γάρ αίμα τούτων ινωδεστατον, καί τό γε του ταύρον τάχιστα δ πηγνυται πάντων, εξαιρούμενων δε τούτων τών ίνών ου πηγνυται τό αίμα· καθάπερ γάρ εκ πηλού ει τις εξελοι το γεώδες ου πηγνυται τό ϋδωρ, οϋτω και τό αίμα· αι γαρ ΐνες γης, μη εξαιρούμενων * 6
° At 648 a 2 ff.
6 For the connexion between fear and cold cf. 667 a 16, 692 a 22 ff., and Rhetoric, 1389 b 30.
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ness and clarity, neither of which characteristics belongs to the earthy substance ; and an animal which has the thinner and clearer sort of fluid in it has also a more mobile faculty of sensation. This is why, as I said before,3 some of the bloodless creatures have a more intelligent Soul than some of the blooded ones; e.g. the bee and the ants and such insects. Those, however, that have excessively watery blood are somewhat timorous. This is because water is congealed by cold; and coldness also accompanies fear ; therefore in those creatures whose heart contains a predominantly •watery blend,	the	way is already prepared for
a timorous disposition^ This, too, is why, generally speaking,	the	bloodless	creatures	are	more
timorous than	the	blooded	ones and	why	they
stand motionless when they are frightened and discharge their residues and (in some cases) change their colour. On the other side, there are the animals that have	specially	plentiful	and	thick
fibres in their blood ; these are of an earthier nature, and are of a passionate temperament and liable to outbursts of passion. Passion produces heat; and solids, when they have been heated, give off more heat than fluids. So the fibres, which are solid and earthy, become as it were embers inside the blood and cause it to boil up when the fits of passion come on. That is why bulls and boars are so liable to these fits of passion. Their blood is very fibrous ; indeed, that of the bull is the quickest of all to congeal. But just as when the earthy matter is taken out of mud, the water which remains does not congeal; so when the fibres, which consist of earth, are taken out of the blood, it no longer congeals. If they are
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δή πήγνυται, οΐον υγρά, γή υπό φύχους* τοΰ γάρ θερμοΰ υπό του φυχροΰ εκθλιβομενου συνεξατμίζει ίο το υγρόν, καθάπερ είρηται πρότερον, και πήγννται ονχ ύττο θερμοΰ άλλ’ νττο φυχροΰ ξηραινόμενον. iv δε τοΐς σώμασιν υγρόν εστι διά την θερμότητα την iv τ οΐς ζωοις.
Πολλών δ’ εστίν αιτία η του αίματος φύσις και κατά το ήθος τοΐς ζωοις καί κατά την αΐσθησιν, ενλόγως- ϋλη γάρ εστι παντός τοΰ σώματος’ η γαρ 15 τροφή ύλη, το δ’ αίμα η εσχάτη τροφή, πολλήν οΰν ποιεΐ δι αφοράν θερμοί’ ον καί φυχρόν καί λεπτόν καί παχύ καί θολερόν καί καθαρόν, ίχώρ δ’ εστι τό υδατώδες τοΰ αίματος διά το μήπω πεπεφθαι ή διεφθάρθαι, ώστε ό μεν εξ ανάγκης ίχώρ, ό δ’ αίματος χάριν εστίν.
20 V. ΥΙιμελή δε καί στεαρ διαφερουσι μεν άλλήλων κατά την τοΰ αίματος διαφοράν, εστι γάρ εκά-τερον αυτών αίμα πεπεμμενον δι' ευτροφίαν, καί τό μη καταναλισκόμενον εις το σαρκώδες μόριον τών ζώων, εϋπεπτον δε καί ευτραφές. δηλοΐ το 25 λιπαρόν αυτών τών γάρ υγρών το λιπαρόν κοινόν άερος καί πυράς εστιν. διά τοΰτο ούδεν εχει τών άναίμων ούτε πιμελήν ούτε στεαρ, ότι οόδ’ αίμα, τών δ’ εναίμων τα μεν σωματώδες εχοντα τό αίμα στεαρ εχει μάλλον, τό γάρ στεαρ γεώδες εστι, διό * 6
° As it were, the “ raw ” material.
6 I have used the terms “ lard ” and “ suet ” rather than “ soft fat ” and “ hard fat ’’ because they represent more closely the distinction made by Aristotle. The difference between them is now known to be less fundamental, and is 140
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not taken out, it does congeal, as moist earth does under the influence of cold : the cold expels the heat and makes the fluid evaporate, as has been said before ; so it is due to the solidifying effect of the cold, and not of the hot, that what remains becomes congealed. And while it is in the body the blood is fluid on account of the heat Λγ’ιϊοΗ is there.
There arc many points both in regard to the temperament of animals and their power of sensation which are controlled by the character of the blood.
This is what we should expect : for the blood is the materia] a of which the λνΐιοίο body consists—material in the case of living creatures being nourishment, and blood is the final form which the nourishment assumes.
For this reason a great deal depends upon whether the blood be hot, cold, thin, thick, muddy, or clear.
Serum is the watery part of blood ; and it is watery either because it has not yet undergone concoction or because it has been already corrupted ; consequently some of the serum is the result of a necessary process, and some is there for the purpose of producing blood.
V.	The difference between lard and suetb is parallel r.ard and to a difference in the blood. They both consist of blood that has been concocted as the result of plentiful nourishment ; that is, the surplus blood that is not used up to nourish the fleshy parts of the animal, but is well concocted and well nourished. (This point is proved by their ereasiness, for grease in fluids is a combination of Air and Fire.) This explains why there is no lard or suet in any of the bloodless animals. And among the others, those \vhose blood is denser tend to contain suet rather than lard. Suet
due to varying proportions of unsaturated triglycerides and the lengths of the carbon chains.
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πήγννται καθάπερ καί το αίμα το ινώδες καί αντο καί οι ζωμοί οι τοιοντοι· ολίγον γάρ εχει νόατος, 30 το δε πολύ γής. διό τα μη άμφώδοντα άλλα κερατώδη στεαρ εχει. φανερά δ’ η φύσις αυτών τον τοιοντον στοιχείου πλήρης ουσα τω κερατώδης είναι καί αστραγάλους εχειν άπαντα γάρ ζηρά και γεηρά την φνσιν εστίν. τα δ’ άμφώδοντα και 35 άκερατα καί πολυσχιδή πιμελήν εχει αντί στεατος, ή ου πήγννται ουδέ θρύπτεται ξηραινομενη διά το μή είναι γεώδη την φνσιν αυτής.
λίετρια μεν ονν ταντα οντα εν τοΐς μορίοις των 651 b ζώων ωφελεί (προς μεν γάρ αϊσθησιν ονκ εμποδίζει, προς δ’ νγίειαν και δύναμιν εχει βοήθειαν), νπερ-βάλλοντα δε τω πλήθει φθείρει καί βλάπτει. ει γάρ παν γενοιτο το σώμα πιμελή καί στεαρ, άπό-λοιτ’ αν. ζώον μεν γάρ εστι κατά το αισθητικόν 5 μόριον, ή δε σάρζ και το άνάλογον αισθητικόν τό δ’ αίμα, ώσπερ εΐρηται καί πρότερον, ονκ εχει αϊσθησιν, διά ούδε πιμελή ούδε στεαρ· αίμα γάρ πεπεμμενον εστίν. ώστ ει π αν γενοιτο τό σώμα τοιοντον, ούκ αν εχοι ούδεμίαν αϊσθησιν. διό καί γηράσκει ταχέως τα λίαν πίονα · όλίγαιμα γάρ άτε εις ίο την πιότητα αναλισκόμενου του αίματος, τά δ’ όλίγ-αιμα ήδη προωδοποίηται προς την φθοράν ή γάρ φθορά ολιγαιμία τις εστί, καί τό όλίγαιμον1 παθητικόν καί υπό φνχρον του τυχόντος καί υπό θερμού.
1 sic Th. : animal pauci sanguinis Σ: όλἱγον vulg.
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is of an earthy character ; it contains but little water against a large proportion of earth ; so it congeals just as fibrous blood and broths do. So too the animals which have horns but have teeth in one jaw only contain suet. And it is clear that their natural constitution i> full of tills element (earth) from the fact that they have horns and huckle-bones, for they are all of them solid and earthy in constitution. On the other hand, the animals which have incisor teeth in both jaws and have toes (not uncloven hoofs', but no horns, contain lard instead of suet. Lard neither congeals nor splits up into small pieces when it dries, owing to the fact that it is not earthy.
Lard and suet when present in the parts of animals in moderate quantities are beneficial : they do not hinder the action of the senses, and they contribute towards the health and strength of the body. But when the amount of them is excessive they are destructive and injurious. This is shown by the consideration that if the whole body were to become lard and suet, it would perish. The sine qua 7ion of a living creature is its sensory part, which is flesh or its counterpart ; and since, as I have said before, blood is not sensitive, neither lard nor suet, which are just concocted blood, is sensitive. Therefore, if the whole bodv were to become either of these, it would have no sensation whatever. For this reason, too. unduly fat animals age quickly : their blood sets used up to produce fat, so there is very little of it left ; and anything that has but little blood is well on the road to decay. In fact, decay is just a form of blood-deficiencv ; and an animal deficient in blood is easily susceptible to the effects of accidental cold and
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καί άγονώτερα δη τα ττίονά ἐστι διά την αυτήν αιτίαν ο γάρ εδει εκ τον αίματος εις την γονην is leva ι καί το σπέρμα, τοΰτ[ εις την πιμελήν αναλίσκεται καί τ ο στ εαρ· ττεττόμενον γαρ το αίμα γίν€ται ταΰτα, ώστε ὅλως ου γίνεται περίττωμα αύτοΐς ούδεν η ολίγον.
Και περί μεν αίματος καί ι χώρος καί πιμελής καί στεατος, τί τε εστιν έκαστον αυτών και δια τινας αίτια?, είρηται.
20 VI. ’Έστι δή καί ο μυελός αίματός τις φύσις, και ουχ ώσπερ οίονταί τινες, της γονής σπερματική δυναμις. δηλοΐ δ’ εν τοΐς νεοις πάμπαν άτε γαρ εξ αίματος συνεστώτων των μορίων καί τής τροφής ονσης τοΐς εμβρύοις αίματος, καί εν τοΐς οστοΐς 6 25 μυελός αιματώδης εστιν αυξανόμενων δε καί ττετ-τομενων, καθάπερ καί τα μόρια μεταβάλλει καί τα σπλάγχνα τα? χρόας (υπερβολή γαρ αιματώδες καί τών σπλάγχνων έκαστον εστιν ετι νέων οντων), οΰτω καί ο μυελός.
Και τών μεν πιμελωδών λιπαρός καί πιμελή δμοιος, δσοις δε μη πιμελή όμοιον1 άλλα, στεαρ so γίνεται τό αίμα πεττόμενον, τουτοις δε στεατώδης, διό τοΐς μεν κερατοφόροις καί μη άμφώδουσ ι στεατώδης, τοΐς δ’ άμφώδουσι καί πολυσχιδεσι πιμελώδης. (ήκιστα 0ε τοιοΰτος ό ραχίτης εστί μυελός δια τό δεΐν αυτόν είναι συνεχή και διεχειν δια πάσης τής ράχεως διηρημενης κατά τους 35 σφονδύλους- λιπαρός δ' ών ή στεατώδης ούκ αν ομοίως ήν συνεχής, άλλ’ ή θραυστός ή υγρός.)
1 όμοιον Ζ1 : όμοιος alii.
lii
e.g. secretion of semen. Sec above, on 647 b 27. b Plato, Timaeus, 73 c.
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heat. The same eause is responsible for the comparative sterility of fat animals : that part of the blood which ought to go to form semen and seed gets used up in forming lard and suet, which are formed by the coneoetion of blood. Henee in fat animals there is either no residue a at all, or else very little.
I have now spoken of blood, serum, lard and suet, describing the nature and the Causes of each of them.
VI.	Marrow, again, is really a form of blood, and not. Marrow, as some6 think, the same as the seminal substance0 of the seed. Thi^ is proved by the ease of very young-animals. In the embryo, the parts are composed out of blood and its nourishment is blood ; so it is not surprising that the marrow in the bones has a bloodlike appearance. As they grow and beeome mature,* the marrow ehan^cs its colour ju^t like the other parts'” of the body and the viscera, which while the creature is young all have a blood-like appearance owing to the large quantity of blood in them.
Animals which contain lard have greasy marrow, like lard ; those whose concocted blood produces not a substance like lard but suet have suety marrow, lienee, in the horned animals which have teeth in one jaw only the marrow is suety. and in the animals that have teeth in both jaws and are polydactylous it is like lard. (The spinal marrow cannot possibly be of this nature because it has to be continuous and to pass without a break riirht through the whole spine which is divided into separate vertebrae ; and if it were fatty or suety it eould not hold together as well as it does, but it would be either brittle or fluid.)
c Dynamis. See Introduction, pp. 30 ff. and note on (ϊ 10 a 14. d Lit. “ are concocted."
* A good instance of Aristotle’s usage of the term “ part.”
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“Evta δ’ ovk εχει των ζώων ως άξίως ειπεΐν μυελόν, όσων τα όστα Ισχυρά καί πυκνά, οίον τα 652 a τ ου λέοντος- τούτου γά ρ τα οστά, διά το πάμπαν άσημον εχειν, δοκεΐ ου κ εχειν ὅλως μυελόν, επει δε την μεν των οστών ανάγκη φυσιν υπάρχειν τοΐς ζφοις η το άνάλογον τοΐς οστοΐς, οΐον τ οΐς ενύδροις 5 την άκανθαν, άναγκαΐον ενίοις ύπάρχειν καί μυελόν, εμπεριλαμβανομόνης της τροφής εξ ης γίνεται τα οστά, οτι δ’ η τροφή πάσιν αίμα, ε’ίρηται πρότερον. εύλόγως δε και στεατώδεις οι μυελοί και πιμελώδεις είσίν διά γάρ την άλεαν την γινομενην υπό του περιεχεσθαι τοΐς οστοΐς πεττεται το αίμα, ίο η §e καθ' αυτό πεφις αίματος στεαρ και πιμελη εστιν. και εν τοΐς δη τα οστά πυκνά εχουσι και ισχυρά εύλόγως εν τοΐς μεν ούκ ενεστι, τοΐς δ’ ολίγος1 ενεστιν· εις γάρ τα οστά αναλίσκεται η τροφή.
Έν δε τοΐς μη εχουσιν οστά άλλ’ άκανθαν 6 ραχίτης μόνος εστ'ι μυελός· όλίγαιμά τε γαρ φύσει 15 υπάρχει οντα, και κοίλη άκανθα μόνον ή τής ρά-χεώς εστιν. διό εν ταύτη εγγίνεται- μόνη τε γάρ εχει χώραν, καί μόνη δεΐται συνδέσμου διά τάς διαλήφεις. διό καί ό ενταύθα μυελός, ώσπερ εΐρηται, άλλοιότερός εστιν διά το άντι περόνης 1 όλίγοίί per errorem Bekker.
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Some animals have no marrow worth mentioning : these are they whose bones are strong and close-textured : for instance, the Lion, «hose bones contain so insignificant an amount of marrow that they look as if they contained none at all. Now in view of the fact that the bodies of animals must have in them either bones or the counterpart of bones (e.g. the spines in water-animals), it follows of necessity that some of them must contain marrow as well, due to the enclosing of the nourishment out of which the bones are formed. Now we have stated already that the nourishment of all the parts of the body is blood. And it is quite reasonable that the various sorts of marrow should be suety and lardy ; because the blood undergoes eoneoetion owing to the heat produced by its being surrounded by bone, and the product of blood when it undergoes concoction by itself is suet and lard. And also, of the animals that have strong, close-textured bones, some have no marrow, others have but little, and this is reasonable too, because the nourishment gets used up to supply the substance of the bones themselves.
In those animals that have no bones but spine instead, the backbone contains the only marrow they possess. It is the nature of these creatures to have but a small amount of blood, and their only hollow spine is that of the backbone. Therefore the marrow is formed in it—indeed, it is the only bone where there is room for the marrow, and the only one which requires something to eonneet it together, owing to its being divided up into segments. This also explains why the marrow here is (as I have already said) somewhat different from the marrow elsewhere. It has to serve as a fastening,
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γάρ γίνεσθαι γλίσχρος, καί νευρώδης εστιν ίν εχη τάσιν.
20 Διά τι μεν ονν μυελόν εχει τα ζώα τα εχοντα μυελόν, εΐρηται· καί τί εστιν 6 μυελός, εκ τούτων φανερόν, ότι τής αίματικής τροφής τής εις οστά καί ακανθαν μεριζόμενης εστι τό εμπεριλαμβανό-μενον περίττωμα πεφθεν.
VII.	Περί δ’ εγκεφάλου σχεδόν εστιν εχόμενον 25 είπεΐν πολλοΐς γάρ καί ο εγκέφαλος Βοκεΐ μυελός είναι και αρχή του μυελοΰ διά τό συνεχή τον ραχίτην αύτώ όράν μυελόν, εστι δε παν τουναντίον αύτώ τήν φυσιν ως είπεΐν ο μεν γάρ εγκεφυ.λος φυχρότατον των εν τω σώματι μορίων, ο δε μυελός θερμός τήν φυσιν δηλοΐ 8’ ή λιπαρότης αύτοΰ καί so τό π ιον. διό καί συνεχής 6 ραχίτης τω εγκεφάλω εστιν αει γάρ ή φύσις μηχανάται προς την έκαστου υπερβολήν βοήθειαν τήν του εναντίου παρεδρίαν, Ινα άνισάζη τήν θατερου υπερβολήν θάτερον. ότι μεν οΰν ο μυελός θερμός1 εστι, δήλον εκ πολλών, ή δε 35 του εγκεφάλου φυχρότης φανερά μεν καί κατά τήν θίζιν, ετι δ’ άναιμότατον τών υγρών τών εν τω σώματι πάντων (ουδ’ ότιοΰν γάρ αίματος έχει εν 652 b αύτώ) καί αυχμηρότατου. εστι δ’ ούτε περίττωμα ούτε τών συνεχών μορίων, αλλά ίδιος ή φύσις, και euAoyojs· τοιαυτη. ότι μεν οΰν ούκ εχει συνεχείαν ούδεμίαν προς τα αισθητικά μόρια, δήλον μεν καί γ, διά τής όφεως, ετι δε μάλλον τω μηδεμίαν ποιεϊν αίσθησιν θιγγανόμενος, ώσπερ ουδέ τό αίμα ουδέ τό περίττωμα τών ζώων.
1 θΐρμός ΡΖ : θερμόν vulg.
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and so it is sticky ; and it is sinewy too so that it can stretch.
We have now explained why marrow is present in certain animals. \Ye have also made clear what marrow is. The surplus of the blood-like nourishment which is distributed to the bimes and spine gets enclosed within them, and after it has undergone concoction then it is marrow.
ΥΠ. The brain is the next subject on our list. It Brain, comes appropriately after the marrow, as many think that the brain is really marrow u and is tile source of the marrow, because, as observation shows, the spinal marrow is continuous with the brain. As a matter of fact, however, the two are quite opposite in nature.
The brain is the coldest of all the parts in the body, whereas the marrow is hot, as is shown by the fact that it is greasy and fat. And that is the real reason why the spinal marrow is continuous with the brain. Nature is always contriving to set next to anything that is excessive a reinforcement of the opposite substance, so that the one may level out the excess of the other. Now there are many indications that the marrow is hot ; and the coldness of the brain is shown not only by its being cold to the touch, but also by its being the driest of all the fluid parts of the body and the one that lias the least blood in it—in fact, it has none at all. It is. however, not a residue, nor is it to be classed among the parts that are continuous. It is peculiar in its nature, and this after all is but reasonable. Inspection shows that the brain lias no continuity with the sensory parts, but this is shown still more unmistakably by the fact that like the blood and the residue of animals it produces no sensation when it is touched.
a Cf. Plato, Timaeus 75 c, d.
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'Υπάρχει δε τοΐς ζώοις π ρος τήν τής φύσεως όλης σωτηρίαν, οι μεν γάρ του ζώου την ψυχήν τιθεασι πύρ ή τοιαύτην τινα δύναμιν, φορτικώς τιθεντες· βελτιον δ’ 'ίσως φάναι εν τοιούτω τινι 10 σώματι συνεστάναι. τούτου δ’ αίτιον ότι τοΐς τής ψυχής εργοις ύπηρετικώτατον των σωμάτων το θερμόν εστιν τό τρεφειν γάρ και κινεΐν ψνχής εργον Ιστί, ταΰτα δε διά ταύτης μάλιστα γίνεται τής δυνάμεως. όμοιον οΰν το την ψυχήν είναι φάναι ττΰρ καί το ττρίονα ή τρύπανον τον τέκτονα 15 ἡ τήν τεκτονικήν, ότι τό εργον περαίνεται εγγύς άλλήλων ουσιν. ότι μεν οΰν θερμότητος τά ζωα μετεχειν άναγκαϊον, δήλον εκ τούτων επεί δ’ άπαντα δει ται τής εναντίας ροπής, ΐνα τυγχάνη του μέτριου και του μέσου (την γάρ ουσίαν εχει τούτο καί τον λόγον, των δ’ άκρων εκάτερον ούκ εχει 20 χωριά), διά ταύτην τήν αιτίαν προς τον τής καρδίας τόπον καί τήν εν αυτή θερμότητα μεμηχάιηται τον εγκέφαλον ή φύσις, καί τούτου χάριν υπάρχει τούτο το μόριον τοΐς ζώοις, τήν φύσιν εχον κοπήν ϋδατος καί γής, καί διά τούτο τά (μεν)1 εναιμα εχει πάντα εγκέφαλον, των δ’ άλλων ούδεν ως είπεΐν, πλήν ότι 25 κατά τό άνάλογον, οίον ό πολύπους· ολιγόθερμα γάρ πάντα διά τήν αναιμίαν.
Ό μεν οΰν εγκέφαλος εύκρατον ποιεί τήν εν τή καρδία θερμότητα καί ζεσιν ΐνα δε καί τούτο τό μόριον τυγχάνη μέτριας θερμότητος, άφύ εκατερας τής φλεβός, τής τε μεγάλης καί τής καλούμενης 80 αορτής, τελευτώσιν αι φλεβες εις τήν μήνιγγα τήν 1 (μεν} Rackham.
° e.g. Democritus ; see Aristotle, De anima, 403 b 31.
6 Or, “ proportion.”
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The brain is present in order to preserve the animal organism as a Avhole. Some a maintain that the Soul of an animal is Fire or some such substance. This is a crude way of putting it ; and might be improved upon by saying that the Soul subsists in some body of a fiery nature. The reason for this is that the hot substance is the most serviceable of all for the activities of the Soul, since one of the activities of the Soul is to nourish ; another is to cause motion ; and these are most readily effected by means of this substance (viz. the hot). So to say that the Soul is fire is like saying that the craftsman, or his craft, is the saw or the auger \vhich he uses, on the ground that the activity is performed while the two are near together. From what we have said this at any rate is clear : animals must of necessity have in them a certain amount of heat. Now, everything needs something to counterbalance it, so that it may achieve moderation and the mean ; for it is the mean, and not either of the extremes apart, which has reality and rationality.6 For this cause nature has contrived the brain to counterbalance the region of the heart and the heat in it ; and that is why animals have a brain, tho composition of which is «α combination of Water anil Earth. Hence, although all blooded animals have a brain, practically none of the others has (unless it be just a counterpart, as in the case of the Octopus), for since they lack blood they have but little heat.
The brain, then, makes the heat and the boiling in the heart well blent and tempered ; yet in order that the brain may still have a moderate heat, bloodvessels run from the great Blood-vessel and what is known as the Aorta, till they reach the membrane
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περί τον εγκέφαλον, προς δε το τή θερμοτητι μη βλάπτειν, αντί μεν μεγάλων ζκαι')1 ολίγων ττνκναι καί λεττταϊ φλέβες περιέχουσιι- αυτόν, αντί δέ θολερού1 2 και παχέος αίματος λεπτόν καί καθαρόν, διό και τα ρεύματα τοΐς σώμασιν εκ της κεφαλής εστι 35 την αργήν, οσοις αν η τα περί τον εγκέφαλον φυχρότερα τής συμμέτρου κράσεως· άναθυμιω-653 a μένης γαρ διά των φλεβών άνω τής τροφής τό περίττωμα φυχόμενον διά την του τόπου τούτου δύναμιν ρεύματα ποιεί φλέγματος και ίχώρος. δει δε λαβεΐν, ως μεγάλα) παρεικάζοντα μικρόν, ομοίως συμβαίνειν ώσπερ την των νετών γένεσιν 5 άναθνμιωμένης γαρ εκ τής γης τής άτμίδος καί φερομένης υπό του θερμού προς τον άνω τόπον, όταν εν τω υπέρ τής γης γένηται αέρι όντι φυχρώ, συνίσταται πάλιν εις ύδωρ διά την φύξιν και ρεΐ κάτω προς την γην. άλλα περί μεν τούτων έν ταΐς τών νόσων άρχαΐς άρμόττει λέγειν, έφ' όσον τής φν-ιο σικής φιλοσοφίας έστιν είπεΐν περί αυτών.
Hotel δέ καί τον ύπνον τοΐς ζωοις τούτο τό μόριον τοΐς έχονσιν εγκέφαλον, τοΐς δί μη έχουσι τό άνάλογον καταφΰχον γαρ την από τής τροφής τού αίματος επίρρυσιν (ή καί διά τινας όμοιας αιτίας άλλας), βαρύνει τε τον τόπον (διό την κεφαλήν 15 καρηβαροΰσιν οι υπνώσσοντες) καί κάτω ποιεί τό θερμόν ύποφεύγειν μετά του αίματος, διό πλεΐον άθροιζόμενον επί τον κάτω τόπον απεργάζεται τον ύπνον, καί τό δύνασθαι εστάναι ορθά άφαιρεΐται δσα τών ζώων ορθά τήν φύσιν ἐστί, τών δ’ άλλων
1 (καί) Uaekham.
2	θολερού coai. Buss. (turbidi Σ) : πολλοΰ vulg.
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which surrounds the brain. And in order to prevent injury being done through heat, the blood-vessels surrounding it are not few and large hut small and multitudinous ; and the blood is not muddy and thick but thin and clear. This also explains why fluxes begin in the head ; they occur when the parts around the brain are colder than the rightly-proportioned blend.0 What happens is that, as the nourishment exhales upwards through the bloodvessels, the residue from it becomes cooled owing to the specific nature of the brain, and produces fluxes of phlegm and serum. And we should be justified in maintaining that this process resembles, on a small scale, the one which produces rain-showers. Damp vapour exhales up from the earth and is carried into the upper regions by the heat; and when it reaches the cold air up aloft, it condenses back again into water owing to the cold, and pours down towards the earth. However, so far as Natural Philosophy is concerned with these matters, the proper place to speak of them is in the Origins of Diseases.
Furthermore, it is the brain (or, if there is no brain, its counterpart) which produces sleep in animals. It cools the onflow of blood which comes from the food (or else is due to other causes of the same sort), and weighs down the part where it is (that is why when a person is sleepy his head is weighed down), and eauses the hot substance to escape below together with the blood. Hence, the blood accumulates unduly in the lower region of the body and produces sleep ; at the same time it takes away from those animals whose nature is to stand upright the power to do so, and the others it prevents from 0 See p. 38.	6 No such treatise exists.
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τήν ορθότητα της κεφαλής· περί ών είρηται καθ' 20 αν τα εν τε τοΐς περί αίσθήσεως καί περί ΰπνου δι ωρισμένοις.
“Οτι δ’ έστίν ο εγκέφαλος κοινός ϋδατος καί γης, δηλοΐ το συμβαΐνον περί αυτόν έφόμενος γάρ γίνεται ξηρός και σκληρός, καί λείπεται το γεώδες εξατμισθέντος τοΰ ϋδατος υπό τής θερμότητος, ώσπερ τα των χεδρόπων έφήματα και των άλλων 25 καρπών, διά. τό γής είναι τό πλεΐστον μέρος, έξ-ιόντος τοΰ μιχθέντος ύγροΰ· και γάρ ταΰτα γίνεται σκληρά καί γεηρά πάμπαν.
‘Έχει δε τών ζώων εγκέφαλον πλεΐστον άνθρωπος ως κατά μέγεθος, και τών ανθρώπων οι άρρενες τών θηλειών και γάρ τον περί την καρδίαν καί τον 80 πλευμονα τόπον θερμότατοι’ καί εναιμότατον. διό καί μόνον εστί τών ζώων ορθόν ή γάρ τοΰ θερμού φύσις ένισχύουσα ποιεί την αϋξησιν από τοΰ μέσου κατά την αυτής φοράν, προς ουν πολλήν θερμότητα άντίκειται πλείων ύγρότης καί φυχρότης, καί διά τό πλήθος όφιαίτατα πήγνυται τό περί την κεφαλήν 85 οστοΰν, ο καλοΰσι βρέγμα τινές, διά τό πολυν χρόνον τό θερμόν άπατμίζειν τών δ’ άλλων ούδενί τοΰτο συμβαίνει τών έναίμων ζώων, καί ραφάς δε 653 b πλείστας έχει περί την κεφαλήν, καί τό άρρεν πλείους τών θηλειών, διά την αυτήν αιτίαν, όπως 6 τόπος εϋπνους ή, καί μάλλον ό πλείων εγκέφαλος-νγραινόμενος γάρ ή ξηραινόμενος μάλλον ου ποιήσει τό αύτοΰ έργον, άλΧ ή ου φύξει ή πήξει, ώστε
α See De somno, 455 b 28 ff., especially 456 b 17 ff.
6 The cranial bone, which covers the anterior fontanelle. 154
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holding their heads upright. These matters have been spoken of separately in the treatises on Sensation and on Sleep.0
I said the brain is compounded of Water and Earth. This is shown by what happens when it is boiled. Then it becomes solid and hard : the earthy-substance is left behind after the Water has evaporated owing to the heat. It is just what happens when pulse and other forms of fruit are boiled ; they also get hard and earthy altogether, because the greater part of them is earth, and the fluid mixed with it departs when they are boiled.
Of all the animals, man has the largest brain for his size ; and men have a larger brain than women. In both cases the largeness is due to there being a great deal of heat and blood in the region around the heart and the lung. This too explains why man is the only animal that stands upright. As the hot substance prevails in the body it induces growth, beginning from the centre along its own line of travel. It is against great heat, then, that a large supply of fluid and cold is provided. This bulk of moisture is also the reason why the bone that surrounds the brain (called by some the bregma)b is the last of all to solidify ; the hot substance takes a long time to evaporate it off. This phenomenon does not occur in any other of the blooded animals. Again, man has more sutures in the skull than any other animal, and males have more than females. The size of the brain is the reason for this also ; it is to secure ventilation, and the larger the brain, the more ventilation it requires. If the brain becomes unduly fluid or unduly solid, it Λνϊΐΐ not perform its proper function, but will either fail to cool the blood or else r	155
ARISTOTLE
5 νόσους καί παρανοίας ποιεΐν καί θανάτους· το γάρ iv τή καρδία θερμόν καί ή αρχή συμπαθέστατου ἐστι καί ταχεΐαν ποιείται τήν αϊσθησιν μεταβάλ-λοντός τι και πάσχοντος τοΰ περί τον εγκέφαλον αίματος.
Ile/H μεν οΰν των σύμφυτων τοΐς ζώοις υγρών ίο σχεδόν εΐρηται περί πάντων των δ’ υστερογενών τά τε περιττώματα τής τροφής εστί, τό τε τής κνστεως ύπόστημα και τό τής κοιλίας, και παρά ταϋτα γονή και γάλα τοΐς πεφυκόσιν εχειν εκαστα τούτων, τα μεν ουν τής τροφής περιττώματα περί τήν τής τροφής σκεφιν και θεωρίαν οικείους εχει 15 τούς λόγους, τίσι τε τών ζώων υπάρχει και διά τινας α ιτ ι α s', τα δε περί σπέρματος και γάλακτος εν τοΐς περί γενεσεως· τό μεν γάρ αρχή γενεσεως αυτών εστι, τό δε χάριν γενεσεως.
VIII. FIe/>£ δε τών άλλων μορίων τών όμοιο-20 μερών σκεπτεον, και πρώτον περί σαρκός εν τοΐς εχουσι σάρκας, εν δε τοΐς άλλοις τό ανάλογον τούτο γάρ αρχή και σώμα καθ' αυτό τών ζώων εστίν. δήλον δή και κατά τον λόγον τό γάρ ζώον όρι-ζόμεθα τω εχειν αϊσθησιν, πρώτον δε τήν πρώτην αύτη δ’ εστιν άφή, ταυτης δ’ αισθητήριον τό τοιοΰ-25 τον μόριον εστιν, ήτοι τό πρώτον, ώσπερ ή κόρη
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will make it set fast, thus producing various forms of disease, madness, and death. Indeed, the heat that is in the heart, being the source, is extremely responsive to any influence upon it; and if the blood which surrounds the brain undergoes any change or any other affection, then this heat at once becomes sensitive of it.
We may now claim to have considered all the fluids which are present in animal bodies from their very earliest stages. There are others which are first produced only at some la+er stage, and among these -we must reckon the residues of the nourishment— that is to say, the deposits from the bladder and from the gut ; and also semen, and milk ; these make their appearance according to the species and sex of the animal concerned. Discussion of the residues of the nourishment will come in appropriately during our general consideration and examination of nourishment ; we shall then show in -what animals they occur, and why they do so. Semen, which gives rise to generation, and milk, "which exists on account of generation, we shall deal with in the treatise on Generationf
VIII.	We must now go on to consider the rest of Flesh and the uniform parts. Let us take first of all Flesh (and, Βοηθ· where Flesh is absent, its counterpart), for this is to animals both a principle and a body in itself. Its primacy can also be logically shown, as follows. We define an animal as something that has the power of sensation, and chiefly the primary sensation, which is touch ; and the organ through which this sensation is effected is the flesh (or its counterpart). And flesh is either its primary organ (comparable to the pupil in the case of sight), or else it is the organ and
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της όφεως, ἡ τό δι’ ου συνειλημμενον, ώσπερ αν ει τις προσλάβοι τή κόρη τό διαφανές παν. επί μεν ονν των άλλων αισθήσεων αδύνατόν τε και ονδεν προνργον tout’ ήν ποίησαι τή φύσει, το δ’ απτικόν εξ ανάγκης· μόνον γάρ ή μάλιστα tout’ εστι σωμα-80 τώδε? των αισθητηρίων. κατά δε την αΐσθησιν φανερόν πάντα τάλλα τούτου χάριν όντα, λέγω δ’ οιον οστά και δέρμα καί νεύρα και φλεβες, ετι δέ τρίχες καί τό των ονύχων γένος, καί ει τι τοιοΰτον ετερόν εστιν. ή μεν γάρ των οστών φύσις σωτηρίας ενεκεν μεμηχάνηται (τού)1 μαλακού, σκληρά 35 την φύσιν ουσα, εν τοΐς εχουσιν οστά· εν δε τοΐς μη εχουσι, τό ανάλογο ν, οιον εν τοΐς Ιχθύσι τοΐς μεν άκανθα τοΐς δε χόνδρος.
Τα μεν οΰν εχει των ζώων εντός την τοιαυτην 654 a βοήθειαν, ενια δε των άναίμων εκτός, ώσπερ των τε μαλακοστράκων έκαστον, οιον καρκίνοι καί τό των καράβων γένος, καί τό των οστρακόδερμων ωσαύτως, οιον τα καλούμενα όστρεα · ττάσι γάρ τούτοις τό μεν σαρκώδες εντός, τό δε συνεχον καί φυλάττον 6 εκτός τό γεώδες εστιν προς γάρ τή φυλακή τής συνεχείας, τω όχειν ολίγον αυτών την φύσιν θερμόν άναίμων όντων, οιον πνιγεύς τις περικείμενον τό οστρακον φυλάττει τό εμπεπυρευ μόνον θερμόν, ή δε χελώνη καί τό τών εμύδων γένος ομοίως όχειν _________________________1 Ogle._______________________
° Apparently because the objects with which it deals are more “ corporeal ” than those of the other senses—it has to be in bodily contact with them. b As apart from α priori reasoning.
c Sometimes, as here, “ counterpart ” could be represented by the modern term “ analogue.” d Lit., “ the soft-shelled creatures.”
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the medium of the sensation combined in one (comparable to the pupil plus the whole of the transparent medium in the case of sight). Now not only was it pointless, it was impossible for Nature to make such a combination in the case of the other senses ; with toueh, however, it was due to necessity, since its sense-organ is the only one which is corporeal— or at least it is definitely the most corporeal one.® It is also clear from our actual experience in sensation6 that all the other parts exist for the sake of the organ of touch (the flesh). In these I include the bones, the skin, the sinews, the blood-vessels ; also the hair, nails of every sort and kind, and the like. The bones, for instance, whieh are hard in substance, have been devised for the preservation of the soft parts. The same is true of the counterpartc of the bones in other creatures : two examples in species of fish are spine and cartilage.
Now with some animals this hard supporting substance is situated inside the body, with others (some of the bloodless ones) it is outside. It is outside in the case of all the Crustacea d (e.g. the Crabs and the group of Crayfish), and the croup of Testaceae too, e.g. those that are known as Oysters. All these have their fleshy part inside, and the earthy part which holds it together and protects it is outside—outside, because it performs an additional function as well : since these creatures are bloodless, they possess but little heat, and the shell acts like a couvre-feu ; it encloses the faintly burning heat and protects it. Another quite different group of creatures, the Turtles and the group of freshwater
e Lit., “the shell-skinned creatures.” “ Testacea ” is the nearest modern term. See Introduction, p. 23.
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4a	,	„	„	,	,	' χ»
δοκεΐ τουτοις, erepov ον γένος τούτων, τα ο
ίο έντομα των ζώων και τα μαλάκια τουτοις τ εναντίως και αύτοΐς άντικειμενως συνόστηκεν ούδεν γάρ όστώδες εχειν εοικεν ονδε γεηρον αττοκεκρι-μενον, δ τι καί άξιον είπεΐν, άλλα τα μεν μαλάκια σχεδόν ολα σαρκώδη και μαλακά, προς δε το μη εϋφθαρτον είναι το σώμα αυτών, καθαττερ τα 15 σαρκώδη, μεταξύ σαρκός και νεύρου την φύσιν εχει. μαλακόν μεν γαρ ώσπερ σαρξ εστιν, εχει δε τασιν ώσπερ νεΰρον την δε σχίσιν εχει της σαρκος ου κατ εύθυωρίαν αλλά κατά κύκλους διαιρέτην ούτως γάρ [ἀν]1 εχον χρησιμώτατον αν ειη2 προς την 20 Ισχύν. υπάρχει δ’ εν αύτοΐς καί τό άνάλογον ταΐς τών ιχθύων άκάνθαις, οΐον εν μεν ταΐς σηπιαις το καλούμενον σηπίον, εν δε τ αΐς τευθίσι τό καλού-μενον ξίφος, τό3 δ’ αν τών πολυπόδων (γενοςΥ τοιοΰτον ούδεν εχει διά το μικρόν εχειν τό κύτος την καλουμενην κεφαλήν, θάτερα δ’ εύμηκη. διό προς την ορθότητα αυτών καί την άκαμφίαν ύπ-25 εγραφε ταΰτα η φύσις, ώσπερ τών εναίμων τοΐς μεν όστοΰν τοΐς δ’ άκανθαν. τα δ’ έντομα τούτοις τ εναντίως εχει καί τοΐς εναίμοις, καθάπερ είπομεν οίδέν γάρ άφωρισμόνον εχει σκληρόν, τό δε μαλακόν, αλλ’ δλον τό σώμα σκληρόν, σκληρότητα δε τοιαύτην, οστού μεν σαρκωδεστεραν, σαρκός δ’
1	[αν] seclusi.	1 χρησιμότατα €Ϊη SU.
3	τό Platt: τὰ vulg.	4 <ye'vos> Platt.
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Tortoises, are apparently in like case. On the other hand, the Insects and the Ccphalopods are differently constructed from these, as \vell as being different from each other. Not only, as it appears, have they no bony part, but they have practically no earthy part at all distinct from the rest of the body. The Cephalopods are almost wholly soft and fleshy, yet in order to prevent their bodies from being easily destructible as fleshy structures are, the substance of which they are formed is intermediate between flesh and sineAV, having the softness of flesh and the elasticity of sineAv. When it is split up, it breaks as flesh does, that is, not longitudinally but into circular portions. The reason for this seems to be that such a structure secures the greatest strength. There is found also in these creatures the counterpart of the spinous bones of fishes ; examples are : the “ pounce ” (os sepiae) of the cuttlefish, and the “ pen ” (gladius) of the ealamaries. Nothing of this sort, however, appears in the Octopuses : this is because in them what is called the “ head ” forms but a small sac, whereas in the cuttlefish and ealamaries the “ head ” is of considerable length. So we see that, in order to secure that they should be straight and inflexible, nature prescribed for them this hard support, just as she gave to the blooded creatures bones or spines. Quite a different contrivance obtains in the Insects— different both from the Cephalopods and from the blooded crecatures, as has already been stated. In the Insects \ve do not find the clcar-cut distinction of hard parts and soft ; here, the \vhole body is hard, yet its hardness is such that it is more fleshlike than
161
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30 όστωδεστεραν καί γεωδεστεραν, προς το μη εύ-Βιαίρετον εΐναι το σώμα αυτών.
IX.	’Έχβι δ’ ομοίως η τε των οστών και. η τών φλεβών φύσις, εκατερα γάρ αυτών άφ' ενός ηργμενη συνεχής εστι, και ουτ* όστοΰν εστιν αύτο 85 καθ' αύτό ούδεν, ἀλλ’ η μόριον ως συνεχούς η άπτόμενον καί προσδεδεμενον, ΐνα χρηται η φύσις 654 b καί ως ενί καί συνεχεΐ καί ως δυσί καί διηρημενοις προς την κάμφιν. ομοίως Se καί φλεφ ούδεμία αντη καθ' αυτήν εστιν, άλλα πάσαι μόριον μιας είσιν. όστοΰν τε γάρ ει τι κεχωρισμενον ην, τό τ 6 έργο ν ούκ αν εποίει ου χάριν η τών οστών εστι φύσις (ούτε γάρ αν κάμφεως ην αίτιον ουτ’ όρθό-τητος ουδεμιάς μη συνεχές ον αλλά διαλεΐπον), ετι τ’ εβλαπτεν αν ώσπερ άκανθα τις η βέλος ενόν ταΐς σαρξίν. είτε φλεφ ην τις κεχωρισμενη καί μη συνεχής προς την αρχήν, ούκ αν εσωζε το εν αύτη 10 αίμα· η γάρ απ' εκείνης θερμότης κωλύει πηγνυ-σθαι, φαίνεται Se και σηπόμενον τό χωριζόμενον. άρχη δε τών μεν φλεβών η καρδία, τών δ' οστών η καλούμενη ράχις τοΐς εχουσιν οστά πόσιν, άφ' ης συνεχής η τών άλλων οστών εστι φύσις" η γάρ το μήκος καί την ορθότητα συνεχουσα τών ζώων η Ιδ ράχις εστιν. επεί δ' άνάγκη κινούμενου τοΰ ζώου 162
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bone is and more bony and earthy than flesh. The purpose of this is to ensure that the body shall not easily break up.
IX.	The system of the bones is similar to that of Bonea. the blood-vessels : each is a connected system beginning from one point. There is no such thing as a bone by itself in isolation ; every bone is either actually part of the connected scheme, or else is attached to it and so is in contact with it. This enables Nature to use any couple of bones either as a single connected piece, or, when flexion is required, as two distinct pieces. In like manner, there is no such thing as a blood-vessel by itself in isolation : they are all of them parts of one bloodvessel. An isolated bone could never discharge the function for which all bones exist ; for, being discontinuous and disconnected from the rest, it could never serve as the means either for bending or for straightening a limb ; but -worse than that, it would be a source of harm, like a thorn or an arrow sticking in the flesh. Similarly, if we imagine a blood-vessel isolated and not connected with the source of them all, it could never keep the blood within it in a proper condition, since it is the heat which comes from that source which prevents the blood from congealing, as is shown by the putrefaction of blood when separated from it. This source of the blood-vessels is of course the heart, and the corresponding source of the bones in all bony species is what is called the backbone. The system of the bones is a connected whole, starting from the backbone, since the backbone connects together the length of the animal’s body and holds it straight. Now although this backbone is a unity because it is connected together, it F 2	163
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654b / , , x v x , ,
καμπτεσθαι το σώμα, μια μεν δια την συνέχειαν
εστι, πολυμερής δε τη διαιρέσει των σπονδύλων, εκ δε ταύτης τοΐς εχουσι κώλα συνεχή [προς αυτήν] τα τούτων οστά [των αρμονιών] εστιν τα1 μεν [εχει τα κώλα κάμφιν συνδεδεμενα τοΐς1 2 νευροις, και] τών 20 εσχάτων σνναρμοττόντων, του μεν οντος κοίλου του Se περιφερούς, ή και άμφοτερων κοίλων, εν μεσω δε περιειληφότων, οΐον γόμφον, αστράγαλον, ΐνα γίνηται κάμφις και εκτασις (άλλως γάρ ή δλως αδύνατον, ή ου καλώς αν εποίουν την τοιαύτην κί-νησιν)· ενια δ’ αυτών όμοίαν εχοντα την αρχήν τήν 25 θατερου τή τελευτή θατερον [συνδεδεται νευροις]·3 και χονδρώδη Se μόρια μεταξύ τών κάμφεών εστιν,4 οΐον στοιβη, προς τό άλληλα μή τρίβειν.
ΤΙερΙ δε τα οστά αι σάρκες περιπεφύκασι, προσειλημμεναι λεπτοΐς και ίνώδεσι δεσμοΐς· ων ενεκεν τό τών οστών εστι γένος, ώσπερ γάρ οι so πλάττοντες εκ πηλού ζώον ή τινος ά?ιλης υγρά ς σνστάσεως ύφιστάσι τών στερεών τι σωμάτων, εΐθ' ούτω περιπλάττουσι, τον αυτόν τρόπον ή φύσις δεδημιουργηκεν εκ τών σαρκών τό ζώον. τοΐς μεν οΰν άλλοις υπεστιν οστά τοΐς σαρκώδεσι μο-ρίοις, τοΐς μεν κινουμενοις διά κάμφιν τούτου 35 χάριν, τοΐς δ’ άκινήτοις φυλακής ενεκεν, οΐον αι 655 a συγκλείουσαι πλευρά ι τό στήθος σωτηρίας χάριν
1	τὰ Peck : τὰ? Ζ : ή vulg. : οστά τών μορίων εστιν τὰ? μεν (rj μεν vulg.) εχει τα κώλα καί κάμφιν Ζ.
2	τοΐς SU: τε vulg.: γε ΕΥ.
3	11. 16-25: hunc locum correxi, pnrtim Σ et Albertum secntus. vid. p. 46. fortasse et επει δ’ ανάγκη . . . σπονδύλων (11. 14-16) secludenda.
4	είσιν vulg.
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is also a thing of many parts because of its division into vertebrae, since the body must be able to bend while the animal is in motion. And the bones of the various limbs (in those animals which have them) are connected with this backbone, from which they originate. Some of them have extremities which fit on to each other: either (a) one is hollow and the other rounded, or (6) both are hollow and hold a huckle-bone between them (as it might be a bolt), to admit of bending and extension, since these movements would be quite impossible or at any rate unsatisfactory without such an arrangement, (c) There are some joints in which the adjacent ends of the two bones are similar in shape ; [these are bound together by sinews,] and there are pieces of cartilage inserted in between them, like a pad, to prevent them from rubbing against each other.3
Now the whole system of the bones exists to subserve the fleshy parts of the body, which have their place around the bones and are attached to them by thin fibrous threads. Modellers who set out to mould an animal out of clay or some other plastic substance begin first of all with a hard and solid core and mould their figure round it. Nature’s method has been the same in fashioning animals out of flesh. With one exception, all the fleshy parts have a core of bone : for the parts that move and bend, this is present as a means for enabling the limb to bend ; for those that do not move, it serves as a protection : an example of this are the ribs, enclosing the chest, which are a means of protection for the viscera in
0 The text of this paragraph has been confused by a number of interpolations, most of which I have omitted in translating.
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τών περί την καρδίαν σπλάγχνων τα δε περι την κοιλίαν άνόστεα πόσιν, οπωζ μη κωλύη την άν-οίδησιν την από τής τροφής γινομενην τοΐς ζωοις εξ ανάγκης και τοΐς θήλεσι την εν αντοΐς των εμβρύων αϋξησιν.
δ Τα μεν ονν ζωοτόκα των ζώων και εν αύτοΐς και εκτός παραπλήσιον εχει την των οστών δύναμιν και ίσχνράν. πολύ γάρ μείζω πάντα τα τοιαΰτα των μή ζωοτόκων ως κατο, λόγον είπεΐν των σωμάτων ενιαχού γάρ πολλά γίνεται μεγάλα των ζωοτόκων, 10 οΐον εν Αιβόη καί τοΐς τόποις τοΐς θερμοΐς και τοΐς ξηροΐς. τοΐς δε μεγάλοις ισχυρότερων δει των υπερεισμάτων και μειζόνων καί σκληρότερων, και τούτων αυτών τοΐς βιαστικωτεροις. διό τα τών άρρενων σκληρότερα ή τα τών θηλειών, και τα τών σαρκοφάγων (ή τροφή γάρ διά μάχης τούτοις), ώσπερ τα του λέοντος· ουτω γάρ εχει ταΰτα 15 σκληράν την φύσιν ώστ εξάπτεσθαι τυπτόμενων καθάπερ εκ λίθων πυρ. εχει δε καί ο δελφίς ούκ άκάνθας ἀλλ’ οστά· ζωοτόκος γάρ εστιν.
Ύοΐς δ’ εναίμοις μεν μή ζωοτόκοις δε παρ-αλλάττει κατά μικρόν ή φύσις, οίον τοΐς ορνισιν οστά μεν, ασθενέστερα δε. τών δ5 ιχθύων τοΐς μεν 20 φοτόκοις άκανθα, και τοΐς όφεσιν ακανθώδης εστιν ή τών οστών φύσις, πλήν τοΐς λίαν μεγάλοις· τού-τοις δε, δι” άπερ καί τοΐς ζωοτόκοις, προς την ίσχύν ισχυρότερων δει τών στερεωμάτων, τα δε καλούμενα σελάχη χονδράκανθα τήν φύσιν εστιν ύγροτεραν τε γάρ άναγκαΐον αυτών είναι τήν κι-
0	Cartilaginous fishes, including the sharks.
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the region of the heart. The exception is the parts near the belly, which in all animals are boneless. The purpose of this is that the swelling which takes l>lace of necessity after the receipt of nourishment may not be hampered, and (in females) to prevent any interference with the growth of the fetus.
The nature of the bones is similar in all viviparous animals (that is, internally viviparous as well as externally) ; and as the Yivipara are much larger proportionately in bodily size than other animals, their bones are strong. In some places many of these animals grow to a great size, as for example in Libya and other hot dry countries. These large animals need stronger anil bigger and harder supports, especially those of them that are particularly violent in their habits. Hence, the bones of males are harder than the bones of females, and those of carnivorous animals than those of herbivorous, because the carnivorous have to fight for their food. An example is the Lion : it has such hard bones that when they are struck fire is kindled as it is from stones. Note that the Dolphin, being viviparous, has bones like the other viviparous creatures, and not fish-spines.
In the creatures which though blooded are not viviparous Nature has made a series of graduated changes : for example, birds have bones, but they are \veaker than the bones of the Yivipara. The oviparous fishes have fish-spine, not bone ; and the serpents have bone whose nature is that of fish-spine ; except the very large species, and they have bones, because (just like the Vivipara) if their bodies are to be strong the solid framework of them must be stronger. The creatures called Selachia a have spines made of cartilage. This is because their movement
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ω	cf	rs ^	\	\	Λ i	/	\	λ
25 νησιν, ώστε σει και την των ερεισμάτων μη κραυ-ρον εΐναι αλλά μαλακωτέραν, και το γεώδες εις το δέρμα παν άνηλωκεν η φύσις' άμα δε την αυτήν υπεροχήν είς πολλούς τόπους αδυνατεί διανέμειν η φύσις, ενεστι δε και εν τοΐς ζωοτόκοις πολλά των οστών χονδρώδη, εν οσοις συμφέρει μαλακόν εΐναι so και μυξώδες1 το στερεόν διά την σάρκα την περι-κειμένην, οΐον συμβέβηκε περί τε τα ώτα και τούς μυκτηρας· Θραύεται γάρ τα κραΰρα ταχέως εν τοΐς άπέχουσιν. η δέ φύσις η αύτη χόνδρου και οστού εστι, διαφέρει δέ τω μάλλον και ηττον διό και ουδέτερον αυξάνεται άποκοπέν.
85 Οι μέν οΰν εν τοΐς πεζοΐς άμύελοι χόνδροι κεχω-ρισμένω μυελώ’ το γάρ χωριζόμενον είς άπαν μεμιγμένον μαλακην ποιεί και μυξώδη2 την τού χόνδρου σύστασιν. εν δε τοΐς σελάχεσιν η ράχις 655 b χονδρώδης μέν εστιν, έχει δέ μυελόν* ἀντ’ οστού γάρ αύτοΐς υπάρχει τούτο τό μόριον.
Σύνεγγυς δέ κατά την άφην εστι τοΐς όστοΐς και τα τοιάδε τών μορίων, οΐον ονυχές τε και όπλαι και χηλαι καί κέρατα καί ρύγχη τα τών ορνίθων, πάντα 5 δέ ταύτα βοήθειας έχουσι χάριν [τα ζώα]3· τα γάρ εξ αυτών συνεστηκότα δλα καί συνώνυμα τοΐς μορίοις, οΐον όπλη τε όλη καί κέρας όλον, μεμηχάνηται προς την σωτηρίαν έκάστοις. εν τούτω δέ τω γένει καί
1 ζνμώ^ς Ζ.	a ζυμώΒη EPSZ.
3 [τὰ ζώα] secludit Rackham. * 6
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6 See note on 644 a 17.
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lias to be somewhat supple, and accordingly the supporting framework of their bodies must be somewhat pliable, not brittle. In addition, Nature cannot allot the same plentiful supply of any one substanee to many different parts of the body ;a and in the case of the Selachia she has used up all the available earthy substance in constructing their skin. In the Vivipara too there are many instances of cartilaginous bones : they are found where it is an advantage that the solid framework should be pliable and glutinous for the benefit of the flesh that surrounds them. This applies to the ears and the nostrils. Such projecting parts quickly get broken if they are brittle. Cartilage and bone are the same in kind and differ only by “ the more and less ” &; so neither of them continues to grow -when it has been cat out of the living organism.
The cartilages of land-animals contain no marrow— that is, no marrow existing as a separate thing. What in ordinary bones is separable is here mixed in Λνίth the body of the cartilage and gives it its pliable and glutinous character. In the Selachia, however, although the backbone is cartilaginous it contains marrow, because it stands to these creatures in place of a bone.
The following substances or “ parts ” resemble bones very closely as regards their feel : the various sorts of nail ; hoof and talon; horn, and beak. All these substances are present for the sake of self-defence. This is shown by the fact that the complete structures which are made out of them and bear the same names—e.g. the complete hoof, or horn—have been contrived in each case by Nature for the creature’s self-preservatiun. We must reekon the teeth in this
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ἡ τών όδόντων earl φύσις, τοΐς μεν νπάρχουσα ίο προς εν εργον την της τροφής εργασίαν, τοΐς δε 7τρός τε τούτο καί προς αλκήν, οΐον τοΐς καρχαρ-όδουσι καί χαυλιόδουσι πόσιν. εζ ανάγκης δε πάντα ταΰτα γεώδη και στερεάν εχει την φνσιν οπλου γάρ αυτή δύναμις. διδ και πάντα τα τοιαντα μάλλον εν τοΐς τετράποσιν υπάρχει ζωοις των 15 ζωοτόκων, διά τό γεωδεστεραν εχειν πάντα την σύστασιν ή τό των ανθρώπων γένος, άλλα και περί τούτων και των εχομενων, οίον δέρματος και κύστεως1 και ύμενος και τριχών και πτερών και τα>ν ανάλογου τούτοις καί ει τι τοιοντόν εστι μέρος, ύστερον άμα τοΐς άνομοιομερεσι θεωρητεον την 20 αιτίαν αυτών, καί τίνος ενεκεν υπάρχει τοΐς ζωοις έκαστον εκ τών έργων γάρ γνώριζειν, ώσπερ κάκεΐνα, και ταΰτα αναγκαίου αν εϊη. αλλ’ οτι συνώνυμα τοΐς δλοις τα μόρη, την τάξιν άπελαβεν ev τοΐς όμοιομερέσι νυν. είσί δ’ άρχαί πάντων τούτων τό τε όστοΰν καί ή σάρζ. ετι δε περί γονής καί γάλακτος άπελίπομεν εν τή περί τών 25 υγρών καί ομοιομερών θεωρία· τοΐς γάρ περί γενεσεως λόγοις άρμόττουσαν εχει την σκεφιν τό μεν γάρ αυτών αρχή το δε τροφή τών γινομένων εστίν.
Χ. Νυν δε λεγωμεν οΐον απ' αρχής πάλιν, άρξά-μενοι πρώτον από τών πρώτων, πάσι γαρ τοΐς
1 σκυτεος Buss, (σκ·ότεω? ΕΥ).
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class too. In some creatures teetli are present to discharge one function only—viz. mastication ; in others they are a means of force as well (e.g. sawlike teeth and tusks). All these parts are of necessity earthy and solid in character ; that is the proper sort of substance for a weapon.
So there is a tendency for all parts of this sort to appear in the four-footed Yivipara more extensively than in man, because the former all have more earthy matter in their constitution. We shall, however, consider these substances, and the other kindred ones such as skin, bladder, membrane, hair, feather, and the counterparts of them, and all such parts, when we come to deal with the non-uniform parts. Then also we shall consider the Causes of them and for what purpose each of them is present in animal bodies; since it is true to say, of both sets of things, that our knowledge of them must be derived from a study of the functions which they discharge. The reason why we have just been taking them with the uniform substances and out of their proper order is that in them the name οι the complete structure is the same as that of a portion of it, and also because the sources and principles of them all are bone and flesh. We also left out all mention of semen and milk -when we were considering the fluid uniform substances. As semen is the source of the things that are generated and milk is the food that feeds them, the proper place to discuss these is in the treatise dealing with Generation.
X.	We may now make what is practically a fresh The non-beginning. We λ\ ϊ11 begin first of all with the things that come first in importance.
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30 ζώοις τοΐς τελείοις1 δύο τα αναγκαιότατα μόριά έστιν, fj τε δέχονται την τροφήν και ή τό περίττωμα άφιάσιν2· ούτε γάρ είναι ούτε αύξάνεσθαι ενδέχεται άνευ τροφής, (τα μεν οΰν φυτά—και γάρ ταΰτα ζην φαμεν—του μεν άχρηστου περιττώματος ούκ έχει 35 τόπον εκ της γης γάρ λαμβάνει πεπεμμέιηην την τροφήν, αντί δε τούτου προΐεται τα σπέρματα καί τούς καρπούς.) τρίτον δε μέρος εν πάσίν εστι το τούτων μέσον, εν ω ή αρχή εστιν ή τής ζωής, ή 65S a μεν οΰν των φυτών φύσις ουσα μόνιμος ου πολυ-ειδής εστι των ανομοιομερών' προς γάρ όλίγας πράξεις ολίγων οργάνων ή χρήσις· διά θεωρητέον καθ' αυτά περί τής ιδέας αυτών, τα δε προς τω ζην αΐσθησιν έχοντα πολυμορφοτέραν έχει την 5 ιδέαν, καί τούτων έτερα προ ετέρων μάλλον, καί πολυχουστέραν όσων μη μόνον του ζήν αλλά καί του ευ ζήν ή φύσις μετείληφεν. τοιούτο δ’ εστι το τών ανθρώπων γένος' ή γάρ μόνον μετέχει του θείου τών ήμΐν γνωρίμων ζώων, ή μάλιστα πάντων, ώστε διά τε τούτο, καί διά το γνώριμον είναι ίο μάλιστ αυτού την τών έξωθεν μορίων μορφήν, περί τούτου λεκτέον πρώτον, ευθύς γάρ και τα φύσει μόρια κατά φύσιν έχει τούτω μένω, καί τό
1	rots τελιίοις Peck : τοι? γε τ. Ogle: και τώειονμενοις καί τελείοις Platt: και reXeiois vulg.
2	άφιασιν SUY : άφήσουσιν alii.
° These three parts of the “ perfect ” animals are again referred to at De juv. et sen. 468 a 13 if. At De gen. an. 172
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An animal can neither exist nor grow without food. Therefore in all living creatures of perfect formation α there are two parts most necessary above all: one by which food is taken in and the other by which residues are eliminated. (Plants—which also we include under the head of living things—have, it is true, no place for the useless residue, but this is because their food, which they get out of the earth, is already concocted before it enters them, and instead of this residue they yield their fruit and seeds.) And in all creatures there is a third part intermediate between these indispensable two, and this is the seat of the source and principle of life. Plants, again, are so made as to remain in one place, and thus they do not exhibit a great variety of non-uniform substances ; they have few actions to perform, and therefore but few organs are needed to perform them. For this reason we must consider plants and their formations separately. But with creatures that not only live but also have the power of sensation, the formations are more varied, and there is more diversity in some than in others, the greatest variety being found in those creatures which in addition to living have the capability of living the good life, as man has. Man is the only one of the «animals known to us who has something of the divine in him, or if there are others, lie has most. This is one reason why we ought to speak about man first, and another is that the shape of his external parts is better known than that of other animals. Another and obvious reason is that in man and in man alone do the natural parts appear in their natural situation : the
733 bl and 737 b 16, 26, the “perfect” animals are the viviparous ones. For the “ most highly finished ” animals see 666 a 28.
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656 a	,	V	(	,	„	,	,	,
τούτου ανω προς το τον ολου εχει ανω* μόνον γαρ ορθόν εστι των ζώων άνθρωπος.
Τό μεν ονν εχειν την κεφαλήν άσαρκον εκ των 16 περί τον εγκέφαλον είρημενων άναγκαΐον συμ-βεβηκεν. ου γάρ ώσπερ τινες λεγουσιν, ότι ει σαρκώδης ην, μακροβιώτερον αν ην τό γένος, άλλ’ ευαισθησίας ενεκεν άσαρκον είναι φασιν αίσθάνεσθαι μεν γάρ τω εγκεφάλω, την S’ αΐσθησιν ον προσίεσθαι τα μόρια τα σαρκώδη λίαν, τούτων 20 8’ ουδέτερόν εστιν αληθές, άλλα πολύσαρκος μεν ό τόπος ών ό περί τον εγκέφαλον τουναντίον αν άπειργάζετο ον ενεκα υπάρχει τοΐς ζώοις ό εγκέφαλος (ου γάρ αν εδννατο καταφύχειν άλεαινων αυτός λίαν), των τ’ αισθήσεων ονκ αίτιος ονδεμιάς, ος γε αναίσθητος και αντος εστιν ώσπερ ότιοΰν 25 των περιττωμάτων. ἀλλ’ ούχ ενρίσκοντες διά τινα αιτίαν ενιαι των αισθήσεων εν τή κεφαλή τοΐς ζώοις είσί, τούτο δ’ όρώντες ιδιαίτερον ον των άλλων μορίων, εκ συλλογισμόν προς άλληλα συνδυάζουσιν. ότι μεν ονν αρχή των αίσθήσεών εστιν ό περί την καρδίαν τόπος, διώρισται πρότερον εν τοΐς περί αίσθήσεως, και διότι αι μεν διίο so φανερώς ήρτημεναι προς την καρδίαν είσίν, ή τε των απτών καί ή των χυμών, τών δε τριών ή μεν τής όσφρήσεως μέση, ακοή δε καί όφις μάλιστ’ εν τή κεφαλή διά τήν τών αισθητηρίων φνσιν είσί, καί
° See the identical phrase in De resp. 477 a 22. b Of. Plato, Timaeus 75 a-c.
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upper part of man is placed towards the upper part of the universe.α In other words, man is the only animal that stands upright.
In man, the head is lacking in flesh, and this follows of the of necessity from what we have said about the brain.
Some 6 say (erroneously) that if the head abounded Sense-with flesh mankind’s lifespan would be longer than orsans· it is, and they explain the absence of flesh as on purpose to facilitate sensation, their view being that the brain is the organ of sensation, and that sensation cannot penetrate parts that are too fleshy. Neither of these assertions is true. The truth is that if the part surrounding the brain were fleshy, the effect of the brain would be the very reverse of that for which it is intended : it would be unable to cool the rest of the body because it would be too hot itself. And, of course, the brain is not responsible for any of the sensations at all ; it has no more power of sensation than any of the residues. People adopt these erroneous views because they are unable to discover the reason why some of the senses are placed in the head ; but they see that the head is a somewhat unusual part, compared with the rest, so they put two and two together and argue that the brain is the seat of sensation. The correct view, that the seat and source of sensation is the region of the heart, has already been set forth in the treatise Of Sensation,0 where also I show why it is that two of the senses, touch and taste, are evidently connected to the heart ; of the remaining three, smell is placed between the other two, hearing and sight, and these are practically always located in the head : this is owing to the nature of the organs through which
e De sensu, 438 b 25 ff.
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656a / ,
τούτων η όφις πόσιν επεί ή y άκοή και ή όσφρησις 35 εττί των Ιχθύων καί των τοιούτων ποιεί το λεγόμενον φανερόν άκούονσι μεν yap και οσφραίνονται, αισθητηρών δ’ ούδεν εχονσι φανερόν εν τη κεφαλή τούτων των αισθητών λ η δ’ όφις πασι τοι? εχουσιν 656 b εύλόγως εστι περί τον εγκέφαλον ό μεν γαρ υγρός καί φνχρός, η δ’ ύδωρ την φύσιν εστιν τούτο γαρ των διαφανών ενφνλακτότατόν εστιν. ετι δε τάς ακριβεστερας τών αισθήσεων διά, τών καθαρώτερον εχόντων τό αίμα μορίων άναγκαΐον ακριβεστερας δ γίνεσθαι· εκκόπ τ ει γαρ η της εν τω αΐματι θερ-μότητος κίνησις την αισθητικήν ενεργειαν δια ταύτας τα,ς αιτίας εν τη κεφαλή τούτων τοι αισθητήριά εστιν.
Ου μόνον δ’ εστι τό έμπροσθεν άσαρκον, άλλα τό όπισθεν της κεφαλής, διά τό πάσι τοΐς εχονσιν αυτήν όρθότατον δεΐν είναι τούτο τό μόριον ονδεν ίο γαρ όρθοΰσθαι δύναται φορτίον εχον, ην δ* αν τοιοντον, ει σεσαρκωμενην είχε την κεφαλήν, fj καί δήλον ότι ον τής τον εγκεφάλου αίσθήσεως χάριν άσαρκος ή κεφαλή εστιν τό γαρ όπισθεν ούκ εχει εγκέφαλον, άσαρκον δ’ ομοίως.
’Έχει δε και την ακοήν εύλόγως ενια τών ζώων 15 εν τω τόπω τω περί τήν κεφαλήν τό γαρ κενόν καλούμενον άερος πλήρες εστι, τό δε τής ακοής αισθητήριον άερος είναι φαμεν.
1	(έπ·ει . . . αισθητών) Cook Wilson, qui et (ου) post
λεγόμενον, 1. 35.
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they operate. Sight is always located there. The case of hearing and smell in fishes and the like shows that the opinion I maintain is patently correct. These creatures hear and smell, although they have no obvious and visible organs for these senses in the head. As for sight, it is reasonable enough that when present it should always be located near the brain, for the brain is fluid and cold, and the sense-organ of sight is identical in its nature with water, which of all transparent substances is the easiest to keep confined. Again, those senses which are intended for more precise work than the others must necessarily receive greater precision by being situated in parts where the blood is specially pure, since the movement of the heat in the blood ousts the activity appropriate to sensation. These are the reasons why the organs of these senses are placed in the head.
Now the back of the head is free from fleshiness as well as the front. This is because the head is the part which all animals that possess one have to hold as upright as possible. Nothing that carries a burden can raise itself upright, and the head would be burdened if it were well covered vith flesh. And this is another reason to show that the lack of flesh on the head is not for the purpose of enabling the brain to function in sensation. There is no brain in the back of the head, although the back has no more flesh on it than the front.
Some animals have their organ of hearing as well as of sight located in the region of the head. This is well explained on our view, which is that tlie organ of hearing is of air. The space in the head called the vacuum is full of air.
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Έ/c μέν οΰν των οφθαλμών οι πόροι φέρονσιν els τ ας περί τον εγκέφαλον φλέβας· πάλιν δ’ εκ των ώτων ωσαύτως πόρος εις τοϋπισθεν συνάπτει.
[Έστί. δ’ ούτ άναιμον ούδέν αισθητικόν ούτε το 20 αίμα, άλλα των εκ τούτου τι. διόπερ ούδέν εν τοΐς έναίμοις άναιμον αισθητικόν, ούδ' αυτό το αΐμα1· ούδέν γάρ των ζώων μόριον.]2
"άύχει δ’ εν τω έμπροσθεν τον εγκέφαλον πάντα τα έχοντα τούτο το μόριον, διά τό έμπροσθεν είναι έφ' ο αισθάνεται, την δ’ αϊσθησιν από τής 25 καρδίας, ταύτην δ’ είναι εν τοΐς έμπροσθεν, και τό αισθάνεσθαι διά των έναίμων γίνεσθαι μορίων, φλεβών δ’ είναι κενόν τό όπισθεν κύτος, τέτακται δέ τον τρόπον τούτον τα αισθητήρια τή φύσει καλώς, τα μέν της ακοής έπ'ι μέσης τής περιφέρειας (ακούει γάρ ού μόνον κατ' εύθυωρίαν άλλά πάν-80 τοθεν), ή δ’ όφις εις τό έμπροσθεν (όρα γάρ κατ εύθυoJpίav, ή δέ κίνησις εις τό έμπροσθεν, προοράν δέ δει έφ' δ ή κίνησις), ή δέ τής όσφρήσεως μεταξύ των όμμάτων ενλόγως. διπλοΰν μέν γαρ έστιν έκαστον τών αισθητηρίων διά τό διπλοΰν είναι τό σώμα, τό μέν δεξιόν τό δ' αριστερόν, επι 35 μέν οΰν τής αφής τούτ άδηλον τούτον δ' αίτιον ότι ούκ έ'στι τό πρώτον αισθητήριον ή σάρξ και τό τοιοΰτον μόριον, άλλ' έντός. έπ'ι δέ της γλώττης ήττον μέν, μάλλον δ' ή έπ'ι τής άφής· έστι γάρ οΐον
1 οόδ’ αντό τό αΐμα om. E.
* 11. 1 !)-22 seclusi (20-22 Ogle) : partim ex 666 a 16 trans-lata.
a This passage seems to be a note on a remark which comes a few lines below, and should probably be omitted from the text. Part of it is taken from 666 a 16.
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Passages (or channels) run from the eyes to the blood-vessels that are round the brain. And, again, a passage runs from the ears and connects to the back of the brain.
[No bloodless part is capable of sensation, nor indeed is the blood itself. It is the parts which are made out of blood that have this faculty. Hence, in the blooded animals, no bloodless part is capable of sensation, nor indeed is the blood itself, for it is no part of animals.] α
The brain, whenever there is one, is in the forepart of the head. This is (a) because all acts of sensation take place in a forward direction ; (b) because the heart, from which sensation has its origin, is in the forepart of the body ; and (c) because the process of sensation depends upon parts that have blood in them, whereas the sac at the back of the head contains no blood-vessels at all. In fact, Nature has located the sense-organs in a very satisfactory manner. The ears arc half-way round the circumference of the head, because they are to hear sounds from all directions alike and not only from straight before them. The eyes face front : this is because sight is along one straight line, and we must be able to see along the line in ivhich we are moving, which is directly forward. The nostrils arc between the eyes, and this is quite reasonable. Each of the sense-organs is double, because the body itself is double : it has a right side and a left side. It must be admitted that this duality is not at all clear in the case of touch : this is because the primary sense-organ of touch is not the flesh or a corresponding part, but something internal. With the tongue the duality is not very clear, but more so than with touch.
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657 a αφή τις και αυτή ἡ αϊσθησις. όμως δε δήλον και επί ταυτης· φαίνεται γάρ εσχισμενη. επί δε των άλλων αισθητηρίων φανερωτερως εστιν η αϊσθησις διμερής· ώτά τε γάρ δυο καί δμματα καί ή των μνκτήρων δυναμις διφυής εστιν. άλλον ουν αν 6 τρόπον κείμενη καί διεσπασμενη, καθάπερ ή της ακοής, ούκ αν εποίει το αυτής εργον, ούδε τό μόριον εν ω εστιν διά γάρ τής αναπνοής ή αϊσθησις τοΐς εχουσι μυκτήρας, τούτο δε το μόριον κατά μέσον καί εν τοΐς έμπροσθεν εστιν. διόπερ εις μέσον των τριών αισθητηρίων συνήγαγεν ή φύσις ίο τούς μυκτήρας, οΐον επί στάθμην θεΐσα μίαν επί την τής αναπνοής κίνησιν.
Καλώ? δε καί τοΐς άλλοις εχει ταΰτα τα αισθητήρια ζωοις προς την ιδίαν φύσιν εκάστω. XI. τά μεν γάρ τετράποδα άπηρτημενα εχει τα ώτα καί άνωθεν των όμμάτων, ως δόζειεν άν, ούκ εχει δε, 15 άλλα φαίνεται διά τό μη ορθά είναι τά ζώα αλλά κυπτειν. οϋτω δε το πλεΐστον κινούμενων χρήσιμα μετεωρότερά τ’ οντα καί κινούμενα· δέχεται γάρ στρεφόμενα πάντοθεν τούς φόφονς μάλλον.
XII.	Οι δ’ όρνιθες τούς πόρους μόνον εχουσι διά την του δέρματος σκληρότητα καί τό εχειν μη 20 τρίχας αλλά πτερωτά είναι· ούκ ουν εχει τοιαυτην ύλην εζ ής αν επλασε τά ώτα. ομοίως δε καί τών
° Aristotle seems to refer here to the forked tongues of certain animals. See 660 biff.
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(Taste, in fact, is itself, as it were, a sort of touch.)
The duality is plain, however, even with this sense, for it is seen to be divided." With the other senses, the organ is more evidently parted into Uvo : there are two ears and two eyes, and two passages for the nostrils in the nose. The sense of smell, if it had been otherwise placed—separated into two, that is, like the sense of hearing—would not have been able to perform its proper function ; nor would that part of the body in which it is situated, since in animals which have nostrils, the sensation of smell is effected by means of inspiration, and this part is at the front and in the middle. This is why Nature has brought the nostrils together in a straight line and made them the central of the three sense-organs in the head, located where the motion of in-breathing takes place.
In the other animals as well as in man these sense- Ears, organs are very satisfactorily arranged as required by the peculiar nature of each animal. XI. For instance, the quadrupeds have ears that stand out free from the head, and they are higher than the eyes— or appear to be, although this is not really so : it is an illusion due to the fact that these animals are not upright but stand on all fours. And as they are usually in this posture when in motion, it is useful for them to have their ears well up in the air, and also movable: this enables them to be turned round and oick up sounds better from all directions.
XII. Birds have the auditory passages only, owing to the hardness of their skin, and because they have feathers instead of hair, which means that they have not got the right material for forming ears. The same argument applies to those oviparous
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τετραπόδων τα ωοτόκα καί φολιδωτά· ό γάρ αντος αρμόσει και επ' εκείνων λόγος. εχει δε και η φώκη των ζωοτόκων ούκ ωτα άλλα πόρους ακοής, διά το πεπηρωμενον είναι τετράπουν.
25 XIII. Και οι μεν άνθρωποι και οι όρνιθες και τα ζωοτόκα και τα ωοτόκα των τετραπόδων φυλακήν εχουσι τής οφεως, τα μεν ζωοτόκα βλέφαρα δυο, οΐς καί σκαρδαμύττουσι, των δ’ ορνίθων άλλοι τε καί οι βαρείς καί τα ωοτόκα των τετραπόδων τή 30 κάτω βλεφαρίδι μύουσιν σκαρδαμύττουσι δ’ οι όρνιθες εκ των κανθών ύμενι. του μεν ουν φυλακήν εχειν αίτιον τό υγρά τα όμματα είναι ινα οξύ βλεπωσι [τούτον τον τρόπον υπό τής φύσεως]1· σκληρόδερμα γάρ όντα άβλαβεστερα μεν αν ήν υπό των εξωθεν προσπιπτόντων, ούκ όξυωπά δε. τούτου μεν οΰν2 ένεκα λεπτόν τό δέρμα τό περί 35 τήν κόρην έστί, τής δε σωτηρίας χάριν τα βλέφαρα· καί διά τοΰτο σκαρδαμύττει τε πάντα καί μάλιστ άνθρωπος, πάντα μεν όπως τα προσπίπτοντα τοΐς 657 b βλεφάροις κωλύωσι (καί τοΰτο ούκ εκ προαιρεσεως, ἀλλ’ ή φύσις εποίησε), πλειστάκις δ’ ό άνθρωπος διά τό Αεπτοδερμότατος είναι.
'H δε βλεφαρις εστι δερματι περιειλημμενη· διό καί ού συμφύεται ούτε βλεφαρις ουτ άκροποσθία, ότι άνευ σαρκός δέρματα εστιν.
5 ΤαΛ δ’ ορνίθων όσοι τή κάτω βλεφαρίδι μύουσι, καί τα ωοτόκα των τετραπόδων, διά τήν σκληρό-
1 om. Ζ1.	2 τούτου μεν ουν] του μεν οΰν ευ ΕΡΖ.
“ Or, “ imperfectly developed.” Cf. Bk. HI. ch. viii.
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quadrupeds which have horny scales. One viviparous animal, the Seal, has no ears but only auditory passages ; but this is because, though a quadruped, it is deformed.0
XIII.	Man, the Birds, and the Quadrupeds (both Eye*, viviparous and oviparous) have a protective covering for their eyes. The viviparous quadrupeds have two eyelids to each eye (which also enable them to blink) ; some of the birds, especially the heavily built ones, and the oviparous quadrupeds, when they close their eyes, do so with the lower eyelid ; birds, however, can blink, with the aid of a membrane that comes out of the corner of the eye. The reason for the existence of these protective coverings is that the eye is fluid in order to ensure keenness of vision. If the eye had been constructed with a hard skin it would of course have been less liable to injury by impact from without, but its vision would have been duller. For this cause the skin round the pupil is left thin and fine, and the safety of the eye is ensured by the addition of the eyelids. The movement of the eyelids known as blinking is a natural and instinctive one, not dependent on the will, and its object is to prevent things from getting into the eyes. All animals that have eyelids do it, but human beings blink most of all, because they have the thinnest and finest skin.
Now the eyelid is encased with skin ; and that is Avhy, like the tip of the foreskin, it will not unite again once it has been cut, because both of them are skin and contain no flesh.
We said just now that some birds and the oviparous quadrupeds close the eye with the lower
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τητα του δέρματος του περί την κεφαλήν ούτω μύουσιν. οΐ μεν γάρ βαρείς των πτερωτών δια τό μη πτητικοί είναι την των πτερών αϋξησιν εις την του δέρματος παχύτητα τετραμμένην έχουσιν. διδ ίο καί οΰτοι μεν τω κάτω βλεφάρω μύουσι, περίστεροι δέ καί τα τοιαΰτα άμφοιν. τα δε τετράποδα τών ωοτόκων φολιδωτά έστιν ταΰτα δέ σκληρότερα πάντα τριχός, ώστε και τα δέρματα του δέρματος, τό μεν οΰν περί την κεφαλήν σκληρόν έστιν αύτοΐς, διόπερ ούκ έχει βλέφαρον έκεΐθεν, 15 τό δε κάτωθεν σαρκώδες, ώστ έχειν τό βλέφαρον λεπτότητα καί τάσιν.
Σικαρδαμύττουσι δ’ οι βαρείς όρνιθες τούτω μεν ου, τω δ’ ύμένι, διά τό βραδεΐαν είναι την τούτου κίνησιν, δεΐν δέ ταχεΐαν γίνεσθαι, ό δ’ ύμην τοιοϋ-τον. εκ δε του κανθού τού παρά τούς μυκτηρας 20 σκαρδαμύττουσιν, ότι βέλτιον απ' αρχής μιας την φύσιν είναι αυτών, οΰτοι δ’ έχουσιν αρχήν την προς τον μυκτήρα πρόσφυσιν και τό πρόσθιον αρχή τοΰ πλαγίου μάλλον.
Τα δε τετράποδα και ωοτόκα ου σκαρδαμύττει ομοίως, ὅτι ο ι3δ’ υγρά ν αύτοΐς άναγκαΐον έχειν και ακριβή τήν σφιν επίγειοι ς ούσιν τοΐς δ’ ορνισιν ?5 άναγκαΐον, πόρρωθεν γάρ ή χρήσις τής όφεως. διό και τα γαμφώνυχα μέν όζυωπά (άνωθεν γάρ αύτοΐς ή θεωρία τής τροφής, διό και άναπέτονται ταΰτα μάλιστα τών ορνέων είς ύφος), τα δ’ επίγεια και μή πτητικά, οΐον άλεκτρυόνες και τα τοιαΰτα, 184
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eyelid only. This is due to the hardness of the skin which surrounds the head, (a) The heavily built birds are not great fliers, and so the material which would have supplied growth for the wings has been diverted, resulting in thickness of the skin. These creatures, then, use only the bottom eyelid to cover the eye ; whereas pigeons and such use both eyelids, (ϊ) With regard to, the oviparous quadrupeds : As the horny scales with which they are covered are in every case harder than hair, so their skin also is harder than ordinary skin. And as the skin on their heads is hard, they can have no upper eyelid ; but lower down the skin lias some flesh with it, and so they have a leaver eyelid that is thin and extensible.
Now the heavily built birds blink not with this lower eyelid, because its motion is slow, but with the membrane above mentioned, whose motion is swift, as is requisite. This blinking or nictitating begins at the corner of the eye nearest the nostrils, because it is better that the membranes should have one place of origin rather than two, and in these birds this is where the eye and nostril are conjoined ; also, the front is more a place of origin than the side.
The oviparous quadrupeds do not blink in this way, because, unlike birds, which have to use their eyes over great distances, they go upon the ground, and. therefore there is no need for them to have fluid eyes or great accuracy of sight. The crook-taloned birds are sharp-sighted, for they view their prey from above, and that also explains why they fly to a greater height than other birds. The birds that remain on the ground, however, and do not fly much (e.g. barn-door fowls and the like) are
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oa/ d	y y	,
ούκ όζυωπά’ ούδεν γαρ αυτα κατεπειγει προς
τον βίον.
30 Οι δ’ ιχθύες καί τα έντομα καί τα σκληρόδερμα διαφεροντα μεν εχουσι τα όμματα, βλεφαρον δ ούδεν αυτών εχει. τα μεν γα ρ σκληρόδερμα δλως ούκ εχει· η δε τον βλεφάρου χρήσις ταχεΐαν την1 δερματικήν εχει εργασίαν άλλ’ άντι ταντης τής 35 φυλακής πάντα σκληρόφθαλμά εστιν, οιον βλεποντα Sea του βλεφάρου προσπεφνκότος. επεί δ’ άναγ-καΐον διά την σκληρότητα άμβλΰτερον βλεπειν. κινούμενους εποίησεν ή φύσις τούς οφθαλμούς τοΐς 658 a εντόμοις, και μάλλον ετι τοΐς σκληροδερμοις, ώσπερ ενια των τετραπόδων τα ώτα, όπως όζύτερον βλεπη στρεφοντα προς το φως καί δεχόμενα την αυγήν, οι δ’ ιχθύες ύγρόφθαλμοι μεν είσιν' αναγκαία γαρ 5 τοΐς πολλήν ποιονμενοις κίνησιν ή τής οφεως εκ πολλοΰ χρήσις. τοΐς μεν ονν πεζοΐς 6 αήρ ευ-δίοπτος’ εκείνοις δ’ επεί το ύδωρ προς μεν το όζύ βλεπειν εναντίον, ούκ εχει δε πολλά τα προσκρούσ-ματα προς την σφιν ώσπερ 6 αήρ, διά μεν τοΰτ ούκ εχει βλεφαρον (ούδεν γάρ ή φύσις ποιεί μάτην), ίο 77ρος δε την παχύτητα του νδατος ύγρόφθαλμοι είσιν.
XIV.	βλεφαρίδας δ’ επί των βλεφάρων εχουσιν δσα τρίχας εχουσιν, όρνιθες δε καί των φολιδωτών ούδεν ού γάρ εχουσι τρίχας, περί γάρ του στρου-θοϋ του Αιβυκοΰ την αιτίαν ύστερον εροΰμεν τούτο 1 την Ogle: και vulg.: τήν ante Εργασίαν vulg., om. SU. 186
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not sharp-sighted, since there is no urgent necessity for it in their kind of life.
Many differences in the eye itself are found among the Fishes, the Insects and the hard-skinned Crustacea, though not one of them has eyelids. In the hard-skinned Crustacea there cannot be an eyelid at all, for the action of an eyelid depends upon swift working of the skin. To compensate for the lack of this protection, all these creatures have hard eyes : it is as though the eyelid -were all of a piece with the eyeball, and the creature looked through the lid as well. But since the vision is bound to be dimmed by this hardness of the eye, Nature has given the Insects (and even more noticeably the Crustacea) movable eyes, just as she has given some quadrupeds movable ears; this is to enable them to turn towards the light and catch its rays and so to quicken their vision. Fish have fluid eyes for the following reason. They move about a good deal and have to use their sight over long distances. Now when land-animals do this, they are looking through air, which is highly transparent ; but fish move about in water, which is inimical to sharpness of vision ; so to counteract its opacity their eyes are fluid in composition. At the same time, water contains far fewer objects to strike against the eyes than the air docs ; hence fish need no eyelids, and because Nature never makes anything without a purpose, they have none.
XIV.	Those animals that have hair on their body Eyelashes have eyelashes on their eyelids : the others (birds and Hair' and the creatures with horny scales) have none.
There is one exception to this rule : the Libyan ostrich, which has eyelashes. The cause of this G	187
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is γάρ εχει βλεφαρίδας τό ζώον. καί των εχόντων τρίχας επ' άμφότερα οι άνθρωποί μόνον εχουσιν. τα γάρ τετράποδα των ζώων εν τοι ς υπτιοις ούκ εχει τρίχας, άλλ’ εν τοι ς πρανεσι μάλλον οι δ’ άνθρωποι τουναντίον εν τοΐς ύπτίοις μάλλον ή εν τοΐς πρανεσιν. σκεπής γάρ χάριν αι τρίχες νπ-άρχονσι τοΐς εχουσιν τοΐς μεν οΰν τετράποσι τά 20 πρανή δεΐται μάλλον της σκεπής, τά δε πρόσθια τιμιώτερα μεν, αλλά λεάζει διά την κάμφιν τοΐς δ’ άνθρώποις επεί εξ ίσον διά την ορθότητα τα πρόσθια τοΐς όπισθίοις, τοΐς τιμιωτεροις υπεγραφεν η φύσις την βοήθειαν άεί γάρ εκ των ενδεχόμενων αιτία του βελτίονός εστιν. και διά τούτο 25 των τετραπόδων ούθεν ούτε βλεφαρίδα εχει την κάτωθεν, άλλ’ υπό τούτο τό βλεφαρον ενιοις παρα-φυονται μαναι τρίχες, ουτ εν ταΐς μασχάλαις ουτ επί της ήβης, ώσπερ τοΐς άνθρώποις· άλλ’ αντί τούτων τα μεν καθ’ όλον τό σώμα πρανές1 δεδά-σννται ταΐς θριξίν, οιον τό των κυνών γένος, τά δε so λοφιάν εχει, καθάπερ Ιπποι καί τά τοιαντα των ζώων, τά δε χαίτην, ώσπερ ό άρρην λέων, ετι δ όσα κέρκους εχει μήκος εχούσας, καί ταντας επι-κεκόσμηκεν ή φύσις θριξί, τοΐς μεν μικρόν εχουσι τον στόλον μακραΐς, ώσπερ τοΐς ιπποις, τοΐς δε 35 μακρόν βραχείαις, καί κατά την του άλλου σώματος φύσιν πανταχοϋ γάρ άποδίδωσι λαβονσα ετερωθεν προς άλλο μόριον, όσοις δε τό σώμα δασύ λίαν 658 b πεποίηκε, τούτοις ενδεώς εχει τά περί την κέρκον, οιον επί τών άρκτων συμβεβηκεν.
1 πρανές delet Platt.
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will be explained later.® Man is the only animal which has eyelashes on both lids. Why is this ? The quadrupeds tend to have more hair on their backs than on the underside of the body ; but in man the reverse is true. The purpose of hair is to give protection ; and as the quadrupeds go on all fours, they need more protection on their backs ; so they have no hair on their front, although the front is the nobler of the two sides. Man goes upright, and so there is nothing to choose as regards his need of protection between front and back. Therefore Nature has prescribed the protection for the nobler side, the front—an example of how, out of given conditions, she is always the cause of that which is the better. This, then, is why none of the quadrupeds has lower eyelashes (though some have a few scattered hairs growing on the lower eyelid), or hair in the axillae or on the pubes, as man has. Instead of this, some of them have thick hair all over the back part of6 their body (e.g. dogs), some of them have a mane (e.g. horses and such), others a flowing mane, like the male lion. Again, if an animal has a tail of any length, Nature decks that with hair too ; long hair for tails with a short stem (e.g. horses), short hair for tails with a long stem. This, however, is not independent of the general condition of the whole animal, for Nature gives something to one part of the body only after she has taken it from another part. So when she has made an animal’s body extremely hairy, we find that there is not much hair about the tail. An example of this is the Bears.
« See <397 b 13 ff.
b Platt deletes “ the back part of.”
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Την δε κεφαλήν άνθρωπός εστι των ζώων δασυ-τατον, εξ ανάγκης μεν διά την υγρότητα του εγκεφάλου καί διά τάς ραφάς {όπου γάρ υγρόν καί 5 θερμόν πλεΐστον, ενταυθ* άναγκαΐον πλείστην είναι την εκφυσιν), ενεκεν 8ε βοήθειας, όπως σκεπάζωσι φυλάττουσαι τάς ύπερβολάς του τε φυχους καί της άλε'ας.	πλεΐ ατος δ’ ών και ύγρότατος ό των
ανθρώπων εγκέφαλος πλείστης καί τής φυλακής 8εΐται· το γάρ ύγρότατον και ζεΐ και φύχεται ίο μάλιστα, τό δ’ έναντι ως εχον άπαθεστερόν εστιν.
Άλλα περί μεν τούτων παρεκβήναι συμβεβηκεν εχομενοις τής περί τάς βλεφαρίδας αίτιας, διά την συγγένειαν αυτών, ώστε περί των λοιπών εν τοΐς οίκείοις καιροΐς άττοδοτεον την μνείαν.
XV.	Αι δ’ όφρυες καί αι βλεφαρίδες άμφότεραι is βοήθειας χάριν είσίν, αι μεν όφρυες τών κατα-βαινόντων υγρών, όπως άποστεγωσιν οΐον άπογεί-σωμα τών από τής κεφαλής υγρών, αι 8ε βλεφαρίδες τών προς τα όμματα προσπιπτόντων ενεκεν, οΐον τα χαρακώματα ποιονσί τινες προ τών εργμάτων.1 είσι δ’ αι μεν όφρυες επί συνθέσει οστών, διό καί 20 δασύνονται πολλοΐς άπογηράσκουσιν ούτως ώστε δεΐσθαι κουράς■ αι δε βλεφαρίδες επί περατι φλεβίων, ή γάρ τό δέρμα περαίνει, και τά φλεβια
1 ίργμάτων scrip.si : ΐργμάτων Bekker : ερυμάτων editores.
° This is one of the passages fastened upon by Bacon in his tirade against the importation of final causes into physics, Adv. of Learning (publ. 160ό), ii. pp. 29, 30 : “ This I finde done not oncly by Plato, who euer ancreth vppon that shoare, but by Aristotle, Galen, and others, who do vsually likewise fall vppon these flatts of discoursing causes ; For to say that the haires of the Eye-liddes are for a quic-sette and fence about 190
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Man has the hairiest head of all the animals. This is (a) due to necessity, because the brain is fluid, and the skull has many sutures ; and a large outgrowth necessarily occurs where there is a large amount of fluid and hot substance. But also (b) it is on purpose to give protection ; that is, the hair affords shelter both from excessive cold and from excessive heat. The human brain is the biggest and the most fluid of all brains ; therefore it needs the greatest amount of protection. A very fluid thing is very liable both to violent heating and violent cooling, while substances of an opposite nature are less liable to such affections.
This, however, is a digression. We were led into it because the subject was connected with our investigation of the cause of eyelashes. Anything further that there is to be said about it will be said in its proper place.
XV.	Both eyebrows and eyelashes exist to afford protection to the eyes : the eyebrows, like the eaves of a house, are to protect the eyes from the fluids that run down from the head ; the eyelashes are like the palisades -which are sometimes put up in front of an enclosure ; their purpose is to keep out things that try to get in.® However, the eyebrows are placed where two bones join (which is why they often get so thick in old age that they have to be cut); and the eyelashes are placed at the ends of small blood-vessels, which have to stop where the skin itself eomes to
the Sight . . . and the like, is well inquired & collected in Metaphisicke, but in Phisicke they are impertinent.” But there is no incompatibility, p. 33, “ For the cause rendred that the haires about the Eye-liddes are for the safeguard of the sight, doth not impugne the cause rendred, that Pilositie is incident to Orifices of MoistureSee also Xen. Mem. i. 4. 6.
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658	b	„	,	„	,	,	5 *	,
πέρας εχει του μήκους· ωστ αναγκαιον οια την
άπιοϋσαν Ικμάδα σωματικήν οΰσαν, αν μη τι τής φύσεως εργον εμποδίση προς άλλην χρήσιν, και 25 διά την τοιαυτην αιτίαν εξ ανάγκης εν τοΐς τοποις τοντοις γίνεσθαι τρίχας.
XVI.	Τοι? μιν οΰν άλλοις ζωοις τοΐς τετράποσι και ζωοτόκοις ου πόρρω τρόπον τινα διέστηκεν άλλήλων το τής όσφρύ)σεως αισθητήριον, άλλ’ ὅσα 30 μεν έχει προμήκεις εις στενόν άπηγμένας τας σιαγόνας, εν τω καλούμενου ρόγχε ι και τό των μυκτήρων ενυπάρχει μόριον κατά τον ενδεχόμενον τρόπον, τοΐς δ’ άλλοις μάλλον διηρθρωμενον εστ'ι προς τας σιαγόνας, ό δ’ ελεφας ιδιαίτατον έχει τοΰτο τό μόριον των άλλων ζώων τό τε γάρ 35 μέγεθος καί την δύναμιν εχει περιττήν. μυκτήρ γάρ έστιν ω τήν τροφήν προσάγεται, καθάπερ χειρι
659	a χρώμενος, προς τό στόμα, τήν τε ξηράν καί τήν
ύγράν, καί τα δένδρα περιελίττων άνασπα, καί χρήται καθάπερ αν ει χ^ιρί. τήν γάρ φύσιν ελώδες άμα τό ζωόν εστι καί πεζόν, ώστ επεί τήν τροφήν εξ ύγροΰ συνεβαινεν έχειν, άναπνεΐν δ’ άναγκαΐον 6 πεζόν ον καί έναιμον, καί μή ταχεΐαν ποιεΐσθαι τήν μεταβολήν εκ του ύγροΰ προς τό ξηρόν, καθάπερ ένια των ζωοτόκων καί εναίμων καί άναπνεόντων, τό γάρ μέγεθος ον ύπερβάλλον, άναγκαΐον ομοίως ήν χρήσθαι τω ύγρω ώσπερ καί τή γή. οΐον οΰν τοΐς κολυμβηταΐς ένιοι προς τήν αναπνοήν όργανα ϊο πορίζονται, ΐνα πολύν χρόνον εν τή θαλάττη μέ-νοντες έλκωσιν 'έξωθεν του ύγροΰ διά του οργάνου τον αέρα, τοιοΰτον ή φύσις τό του μυκτήρος μέγεθος εποίησε τοΐς έλέφασιν. διόπερ άναπνέουσιν β Or “ strength.”
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an end. Thus, owing to the fact that the moisture which comes off is corporeal in composition, hair must be formed at these places even on account of a necessary cause such as this, unless some function of Nature impedes by diverting the moisture to another use.
XVI.	The general run of viviparous quadrupeds Nostrils, differ very little among themselves as regards the organ of smell. The following variations occur, however. Those animals whose jaws project forward and become gradually narrower, forming what is called a snout, have the organ of smell in their snout—this being the only possibility ; in the others, the jaws and nostrils are more definitely separated. The elephant's nose is unique owing to its enormous size and its extraordinary character.® By means of his nose, as if it were a hand, the elephant conveys his food, both solid and fluid, to his mouth ; by means of it he tears up trees, by winding it round them. In fact, he uses it for all purposes as if it were a hand. This is because the elephant has a double character : he is a land-animal, but he also lives in swamps. He has to get his food from the water ; yet he has to breathe, because he is a land-animal and has blood ; owing to his enormous size, however, he cannot transfer himself quickly from the water on to the land, as do quite a number of blooded viviparous animals that breathe ; hence he has to be equally at home on land and in the water. Some divers, when they go down into the sea, provide themselves with a breathing-machine, by means of which they can inhale the air from above the surface while they remain for a long time in the water. Nature has provided the elephant with something of this sort by giving him a long nose. If ever the
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άραντες άνω διά τού νδατος τον μνκτηρα, αν ποτε ποιώνται δι’ υγρού την πορείαν καθάπερ γάρ 15 εϊπομεν, μυκτήρ εστιν ή προβοσκίς τοΐς ελεφασιν. επεί δ’ αδύνατον ήν είναι τον μνκτηρα τοιούτον μή μαλακόν δντα μηδε κάμπτεσθαι δννάμενον (ενεπό-διζε γάρ αν τω μήκει προς τό λαβεΐν την θύραθεν τροφήν, καθάπερ φασι τα κέρατα τοΐς όπισθονόμοις 20 βονσίν και γάρ εκείνους νεμεσθαί φασιν ύπο-χωρούντας παλιμπυγηδόν)—νπάρζαντος ονν τοιού-τον του μνκτήρος, ή φύσις παρακαταχρήται, καθάπερ είωθεν, επί πλείονα τοΐς αντοΐς μορίοις, αντί τής των προσθίων π οδών χρείας. τούτους γάρ τα πολυδάκτυλα των τετραπόδων αντί χειρών εχουσιν, 25 άλλ’ ον μόνον ενεχ νποστάσεως τον βάρους· οι δ’ ελεφαντες των πολυδακτύλων είσί, καί ούτε διχά-λους εχουσιν ούτε μώνυχος τους πόδας■ επεί δε τό μεγεθος πολύ καί τό βάρος τό του σώματος, διά τούτο μόνον ερείσματος είσι χάριν, καί διά την βραδύτητα καί την άφυΐαν τής κάμφεως ον χρήσιμοι1 προς άλλο ούθεν.
30 Διά μεν ονν την αναπνοήν εχει μνκτηρα, καθάπερ καί των άλλων έκαστον των εχόντων πλενμονα ζώων, διά δ<£ την εν τω νγρώ διατριβήν καί τήν βραδντήτα τής εκεΐθεν μεταβολής δυνάμενον ελίτ-τεσθαι καί μακράν άφηρημενης δε τής των ποδών 35 χρήσεως, καί ή φύσις, ώσπερ εϊπομεν, καταχρήται καί προς τήν από των ποδών γινομενην αν βοήθειαν τούτω τω μοριω.
659 b Οι δ’ όρνιθες καί οι όφεις καί όσα άλΧ εναιμα 1 χρήσιμοι Rackham : χρήσιμον vulg.
191
PARTS OF ANIMALS, ΙΓ. xvi.
elephant has to make his way through deep water, he will put his trunk up to the surface and breathe through it. This is possible, because, as I have said already, the trunk is really a nostril. Now it would have been impossible for the nostril to be put to all these uses if it had not been soft and able to bend ; for then by its very length it would have prevented the animal from getting its food, just as they say the horns of the “ backward-grazing ” oxen do, forcing them to walk backwards as they feed.3 So the trunk is soft and pliable ; and in consequence Nature, as usual, takes advantage of this to make it discharge an extra function beside its original one : it has to serve instead of forefeet. Now in polydactylous quadrupeds the forefeet are there to serve as hands, not merely in order to support the weight of the animal ; but elephants (which must be included under this class of animals, because they have neither a solid hoof nor a cloven one) are so large and so heavy that their forefeet can serve only as supports ; and indeed they are no good for anything else because they move so slowly and are quite unsuited for bending.
So the elephant’s nostril is there, in the first place, to enable him to breathe (as in all animals that have a lung) ; and also it is lengthened and able to coil itself round things because the elephant spends much of his time in the water and cannot quickly emerge upon land. And as his forefeet are not available for the normal function, Nature, as we said, presses the trunk into service to supply what should have been forthcoming from the feet.
The Birds and Serpents and the quadrupeds which
e See above, on 648 a 16. This is from Herodotus, iv. 183.
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καί ώοτόκα1 των τετραπόδων, του? μεν πορους εχουσι των μυκτηρων προ τοΰ στόματος, ώστε δ’ είπεΐν μυκτήρας, εΐ μη διά το εργον, ούκ εχουσ ι φανερώς διηρθρωμενους· άλλ’ η y ορνις ώστε 5 μηθεν αν είπεΐν εχει2 ρίνας, τούτο δε συμβεβηκεν, οτι αντί σιαγόνων εχει τό καλούμενον ρόγχος, αίτια δε τούτων η φύσις η των ορνίθων σννεστηκυΐα τούτον τον τρόπον, δίπουν γάρ εστι και πτερυ-γωτόν, ώστ ανάγκη μικρόν τό βάρος εχειν τό του αύχενος και τό της κεφαλτ]ς, ώσπερ και τό στήθος ίο στενόν όπως μεν ονν ή χρήσιμον πρός τε την αλκήν καί δια την τροφήν, όστώδες εχουσι το ρόγχος, στενόν δε διά την μικρότητα της κεφαλής, εν δε τω ρόγχε ι τούς πόρους εχουσι της όσφρησεως, μυκτήρας δ’ εχειν αδύνατον.
Πept δε των άλλων ζώων των μη άναπνεόντων 15 εΐρηται πρότερον δι ην αιτίαν ούκ εχουσι μυ-κτηρας, αλλά τα μεν διά των βράγχιων, τα δε διά του αύλοΰ, τα δ’ έντομα διά τοΰ ύποζώματος αισθάνονται των οσμών, καί πάντα τω συμφυτω πνευματι τοΰ σώματος ωπερ3 (και)4 κινείται· τοΰτο δ’ υπάρχει φύσει πάσι καί ου θύραθεν επεισακτον εστιν.
20 'Υπό δε τούς μυκτήρας η των χειλών εστι φύσις τοΐς εχουσι τών εναίμων όδόντας. τοΐς γάρ όρνισι, καθάπερ εϊπομεν, διά την τροφήν καί την αλκήν τό ρόγχος όστώδες εστιν συνηκται γάρ εις εν αντ όδόντων καί χειλών, ώσπερ αν ει τις αφελών 25 ανθρώπου τα χείλη καί συμφυσας τούς άνωθεν
1 ωοτόκα Ζ, vulg. : ζωοτόκα EPSUY.
2 ἔ*€ι S : ἔχ«ιν vulg.
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like them are blooded and oviparous, have their nostril-passages in front of the mouth : but they have nothing which except for its function can be called nostrils—nothing distinctly articulated. A bird, at any rate, one might say has no nose at all. The reason for this is that its beak really replaces jaws.
And this is because of the futural structure of birds.
A bird is a winged biped ; hence its head and its neck must be light in weight, and its breast must be narrow ; and it has a beak, which (c) is made out of bony material, so that it will serve as a weapon as well as for the uptake of food, and (δ) is narrow, owing to the small size of the head. It has the passages for smell in this beak, but it is impossible for it to have nostrils there.
We have spoken already about the animals that do not breathe, and shown why they have no nostrils : .some of them smell by means of the gills, some through a blow-hole ; while the insects smell through the middle part of the body. All of them smell, as all of them move, by means of the connate pneiima a of their bodies, which is not introduced from without, but is present in all of them by nature.
In all blooded animals that have teeth, the lips have Lip* their place below the nostrils. (As stated already, birds have a bony beak for getting food and for defence ; and this is as it were teeth and lips run into one. The nature of the beak can be illustrated thus. Supposing, in a human being, that the lips were removed, and all the upper teeth were welded to-
° Cf. De somno et vig. 455 b 34· ff. For a full account of Σΰμφντον IIνεύμα see G.A. (Loeb edn.), pp. 57ti ff.
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4 <καϊ> Peck.
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όδόντας χωρίς καί τούς κάτωθεν προαγάγοι μήκος ποιήσας αμφοτέρωθεν εις στενόν· εΐη γάρ αν τοΰτο ήδη ρόγχος ορνιθώνες, τοΐς μεν ούν αλλοις ζώοις προς σωτηρίαν των όδόντων ή των χειλών φύσις εστι καί προς φυλακήν, διόπερ ως εκείνων μετ-30 έχονσι τον ακριβώς καί καλώς η τουναντίον, ουτω καί του διηρθρώσθαι τοΰτο το μόριον έχουσιν οι δ’ άνθρωποι μαλακά καί σαρκώδη καί δυνάμενα χωρί-ζεσθαι, φυλακής θ' ένεκα τών όδόντων ώσπερ και τα άλλα, καί μάλλον έτι διά το εΰ· προς γάρ το χρήσθαι τω λόγω καί ταΰτα. ώσπερ γάρ την 35 γλώτταν ούχ όμοίαν τοΐς αλλοις έποίησεν η φύσις, προς εργασίας δυο καταχρησαμένη, καθάπερ 660 a εΧπομεν ποιεΐν αυτήν επί πολλών, την μεν γλώτταν τών τε χυμών ένεκεν καί του λόγου, τα δε χείλη τούτου θ’ ενεκεν καί τής τών όδόντων φυλακής, ο μεν γάρ λόγος ο διά τής φωνής εκ τών γραμμάτων συγκειται, τής δε γλώττης μη τοιαυτης οϋσης μηδέ 5 τών χειλών υγρών ούκ αν ήν φθέγγεσθαι τα πλεΐστα τών γραμμάτων τα μεν γάρ τής γλώττης είσί προσβολαί, τα δε συμβολαί τών χειλών, ποιας δε ταΰτα καί πάσας καί τινας έχει διαφοράς, δει πυνθάνεσθαι παρά τών μετρικών.
*Ανάγκη δ’ ήν ευθύς άκολουθήσαι τούτων τών ίο μορίων εκάτερον προς την ειρημένην χρήσιν ενεργά καί τοιαύτην έχοντα την φύσιν διά σάρκινα, μα-λακωτάτη δ’ ή σάρζ ή τών ανθρώπων ύπήρχεν. τοΰτο δε διά το αίσθητικώτατον είναι τών ζώων την διά τής αφής αϊσθησιν.
198
PARTS OF ANIMALS, II. xvi.
gether, and similarly all the bottom teeth, and then each set were extended in a forward direction, and made to taper : this would result in a beak such as birds have.) In all animals except man the lips are intended to preserve and to protect the teeth ; hence we find that the distinctness of formation in the lips is directly proportionate to the nicety and exactitude of formation in the teeth. In man the lips are soft and fleshy and can be separated. Their purpose is (as in other animals) to protect the teeth ; but— still more important — they subserve a good purpose, inasmuch as they are among the parts that make speech possible. This double function of the human lips, to facilitate speech as veil as to protect the teeth, may be compared with that of the human tongue, which is unlike that of any other animal, and is used by Nature for t-\vo functions (a device of hers which we have often noted), (a) to perceive the various tastes, and (h) to be tlie means of speech. Now vocal speech consists of combinations of the various letters or sounds, some of which are produced by an impact of the tongue, others by closing the lips ; and if the lips were not supple, or if the tongue were other than it is, the greater part of these could not possibly be pronounced. For further particulars about the various differences between these sounds you must consult the authorities on Metre.
It was rcecessar?/, however, from the start that each of these two parts should be adapted and well-fitted for their function as stated above; therefore their nature had to be suitable thereto, and that is why they are made of flesh. Human flesh is the softest kind of flesh there is ; and this is because man’s sense of touch is much more delicate than that of any other creature.
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66° a	,	,	,	,
XVII. Ιπο δε τον ovpavov εν τω στοματι η 15 γλώττα τοΐς ζωοις ἐστί, τοΐς μεν πεζοΐς σχεδόν ομοίως πάσι, τοΐς δ’ άλλοις άνομοίως και αύτοΐς προς αύτά καί προς τα πεζά των ζώων, ο μεν οΰν άνθρωπος άπολελυμενην τε μάλιστα την γλώτταν καί πλατείαν καί μαλακωτάτην εχει,1 όπως προς άμφοτερας η τάς εργασίας χρήσιμος, πρός τε την 20 των χυμών αϊσθησιν (ο γάρ άνθρωπος εναισθητό-τατος των άλλων ζώων, καί η μαλακη γλώττα ζαίσθητικωτάτηΥ· άπτικωτάτη γάρ, η δε γεΰσις αφή τις εστιν), καί πρός την τών γραμμάτων διάρθρωσιν καί πρός τον λόγον ή μαλακη καί πλατεία χρήσιμος■ σνστελλειν γάρ καί π ρο βάλλε ιν παντοδαπη 25 τοιαυτη ουσα καί άπολελυμενη μάλιστ αν δύναιτο. δηλοΐ δ’ όσοις μη λίαν άπολελνται· φελλίζονται γάρ καί τραυλίζουσι, τούτο δ’ εστιν ενδεια τών γραμμάτων.
τε τω πλατείαν είναι καί τό στενήν εστιν εν γάρ τω μεγάλω καί τό μικρόν, εν δε τω μικρώ τό μέγα ούκ εστιν. διό καί τών ορνίθων οι μάλιστα so φθεγγόμενοι γράμματα πλατυγλωττότεροι τών άλλων είσίν. τα δ’ εναιμα καί ζωοτόκα τών τετραπόδων βραχεΐαν τής φωνής εχει διάρθρωσιν σκληρόν τε γάρ καί ούκ άπολελυμενην εχουσι καί παχεΐαν την γλώτταν. τών δ’ ορνίθων ενιοι πολύφωνοι, καί πλατυτέραν οι γαμφώνυχοι εχουσιν. S5 πολύφωνοι δ’ οι μικρότεροι. καί χρώνται τή γλώττη καί πρός ερμηνείαν άλλήλοις πάντες μεν, 660bere/)cH δε τών ετερων μάλλον, ώστ επ' εν ίων καί 1 και μαλ. ϊχΐΐ post τ€ vulg. ; transposui.
2 αίσθητικωτάτη Supplevi.
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XVII. Under the vaulted roof of the mouth is Tongue, placed the tongue, and it is practically the same in all land-animals; but there are variations in the other groups, whose tongues are as a whole different from those of land-animals and also different among themselves. The human tongue is the freest, the broadest, and the softest of all : this is to enable it to fulfil both its functions. On the one hand, it has to perceive all the various tastes, for man has the most delicate senses of all the animals, and a soft tongue is the most sensitive, because it is the most responsive to touch, and taste is a sort of touch. It has, also, to articulate the various sounds and to produce speech, and for this a tongue which is soft and broad is admirably suited, because it can roll back and dart forward in all directions ; and herein too its freedom and looseness assists it. This is shown by the case of those whose tongues are slightly tied : their speech is indistinct and lisping, which is due to the fact that they cannot produce all the sounds.
A tongue -which is broad can also become narrow, on the principle that the great includes the small, but not vice versa. That is why the clearest talkers, even among birds, are those which have the broadest tongues. On the other hand, the blooded viviparous quadrupeds have a limited vocal articulation ; it is because their tongues are hard and thick and not sufficiently loose. Some birds— the smaller sorts—have a large variety of notes.
The crook-taloned birds have fairly broad tongues.
All birds use their tongues as a means of communication with other birds, and some to a very considerable extent, so much so that it is probable that in
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μάθησιν είναι δοκεΐν παρ’ άλλήλων εΐρηται δε περί αυτών εν ταΐς ίστορίαις ταΐς περί των ζώων.
Ύών δε πιζών καί ωοτόκων καί εναίμων προς μεν την της φωνής εργασίαν άχρηστον τα πολλά 5 την γλώτταν εχει καί προσδεδεμενην καί σκληρόν, προς δε την τών χυμών γεΰσιν οι τ’ δφεις καί οι σαΰροι μακράν καί δικρόαν εχουσιν, οι μεν οφεις οϋτω μακράν ώστ εκτείνεσθαι εκ μικρού επί πολύ, δικρόαν δε καί τό άκρον λεπτόν καί τριχώδες διά την Αιχνείαν τής φύσεως· διπλήν γάρ την ηδονήν ίο κταται τών χυμών, ώσπερ διπλήν εχοντα την τής γευσεως αϊσθησιν.
"Εχει δε καί τα μή εναιμα τών ζώων τό αισθητικόν τών χυμών μόριον καί τα εναιμα πάντα· και γάρ όσα μή δοκεΐ τοΐς πολλοΐς όχειν, οίον ενιοι τών ιχθύων, καί οντοι τρόπον τινά γλίσχρον εχουσι, καί 15 σχεδόν παραπλησίως τοΐς ποταμίοις κροκοδείλοις. ου φαίνονται δ’ οι πλεΐστοι αυτών εχειν διό τιν αιτίαν εύλογον ακανθώδης τε γόρ εστιν 6 τόπος τοΰ στόματος πασι τοΐς τοιουτοις, καί διά τό μικρόν χρόνον είναι τήν αϊσθησιν τοΐς ενυδροις τών χυμών, ώσπερ καί ή χρήσις αυτής βραχεία, ουτω 20 βραχεΐαν εχουσιν αυτής καί τήν διάρθρωσιν. ταχεία δ’ ή δίοδος εις τήν κοιλίαν διά τό μή οΐόν τ είναι διατρίβειν εκχυμίζοντας- παρεμπίπτοι γάρ αν τό ύδωρ, ώστ’ εάν μή τις τό στόμα επικλινή, μή φαίνεσθαι άφεστηκός τούτο τό μόριον, ακανθώδης δ’ εστιν οντος 6 τόπος- συγκειται γάρ εκ τής 25 συμφαυσεως τών βράγχιων, ών ή φύσις ακανθώδης εστιν.
° See Hist. An. 504 b 1, 536 a 20 ff., 597 b 26, 608 a 17.
202
PARTS OF ANIMALS, II. xvn.
some cases information is actually conveyed from one bird to another. I have spoken of these in the Researches upon Animals.0·
The tongue is useless for the purpose of speech in most of the oviparous and blooded land-animals because it is fastened down and is hard ; but it is very useful for the purpose of taste, e.g. in the serpents and lizards, which have long, forked tongues. Serpents’ tongues are very long, but can be rolled into a small compass and then extended to a great distance ; they are also forked, and the tips of them are fine and hairy, owing to their Laving such inordinate appetites ; by this means the serpents get a double pleasure out of what they taste, owing to their possessing as it were a double organ for this sense.
Even some of the bloodless animals have an organ for perceiving tastes ; and of course all the blooded animals have one, including those which most people would say had not, e.g., certain of the fishes, which have a paltry sort of tongue, very like what the river-crocodiles have. Most of these creatures look as if they had no tongue, and there is good reason for this.
(1)	All animals of this sort have spinous mouths ;
(2)	the time which water-animals have for perceiving tastes is short ; hence, since the use of this sense is short, so is the articulation of its organ. The reason why their food passes very quickly into the stomach is because they cannot spend much time sucking out its juices, otherwise the water would get in as well. So unless you pull the mouth well open, you will not be able to see that the tongue is a separate projection. The inside of the mouth is spinous, because it is formed by the juxtaposition of the gills which are of a spinous nature.
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Τοι? Βε κροκοΒείλοις συμβάλλεται τι ττ ρος την τον μορίου τούτου αναπηρίαν καί τό την σιαγόνα την κάτω ακίνητον όχειν. εστι μεν γάρ η γλώττα τη κάτω συμφυής, οι δ’ εχουσιν ώσπερ άνάπαλιν την άνω κάτω· τοΐς γάρ άλλοις η άνω ακίνητος. 30 προς μεν οΰν τη άνω ονκ εχουσι την γλώτταν, οτι εναντίως αν εχοι προς την της τροφής είσοδον, προς he τη κάτω, οτι ώσπερ μετακειμενη η άνω εστιν. ετι δε καί σνμβέβηκεν αύτώ πεζω οντι ζην ιχθύων β ιον, ώστε καί διά τούτο άναγκαΐον άΒιάρθρωτον αυτόν εχειν τούτο τό μόριον.
35 Τον δ’ ουρανόν σαρκώΒη πολλοί καί των ιχθύων εχουσι, καί των ποταμίων ενιοι σφόΒρα σαρκώΒη καί μαλακόν, οΐον οι καλούμενοι κυπρίνοι, ώστε 661 a Βοκεΐν τοΐς μη σκοποΰσιν ακριβώς γλώτταν εχειν ταύτην. οι 6’ ιχθύες Βιά την είρημένην αιτίαν εχουσι μεν ου σαφή δ’ εχουσι την Βιάρθρωσιν της γλώττης. επεί Βε [της τροφής χάριν]1 καί τών 5 χυμών αϊσθησις ενεστι μεν τω γλωττοειΒεΐ μοριω, ου π αντί2 δ’ ομοίως άλλα τω άκρω μάλιστα, Βία τούτο τοΐς ίχθύσι τοΰτ άφώρισται μόνον.
Επιθυμίαν δ’ εχει τροφής τα ζώα πάντα ως εχοντα αίσθησιν της ηΒονης της γινόμενης εκ τής τροφής· ή γάρ επιθυμία του ήΒεος εστιν. αλλά τό μόριον ούχ όμοιον τούτο πόσιν, ω την αΐσθησιν ίο ποιούνται τής τροφής, αλλά τοΐς μεν άπολελυμενον τοΐς Βε προσπεφυκός, οσοις μηΒεν εργον υπάρχει
1 [τή? τροφής χάριν] praecedentium interpretationem seclusi, cetera correxi: της εν τοΐς χνμοΐς ἔστιν ή αΐσθησις (εις αΐσθησιν Ζ) τὰ μεν (μεν τό ΕΥ Ζ) γλωττοειδες εχει (εχει om. Ζ) μόριον vulg.	2 παντί Ζ : ττάντη vulg'.
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Among the factors which contribute to the deformity of the crocodile’s tongue is the immobility of its lower jaw, to which the tongue is naturally joined. We must remember, however, that the crocodile’s jaws are topsy-turvy ; the bottom one is on top and the top one below ; this is clearly so, because in other animals the top jaw is the immovable one. The tongue is not fixed to the upper jaw (as one might expect it to be) because it would get in the way of the food as it entered the mouth, but to the lower one, which is really the upper one in the wrong place. Furthermore, although the crocodile is a land-animal, his manner of life is that of a fish, and this is another reason why he must have a tongue that is not distinctly articulated.
Many fish, however, have a fleshy roof to their mouths. In some of the fresh-water fish—e.g. those knenvn as Cyprinoi—it is very fleshy and soft, so that casual observers think it is a tongue. In fish, however, for the reason already given, the tongue, though articulated, is not distinctly so ; yet, inasmuch as the power also of perceiving tastes resides in the tongue-like organ, though not in the whole of it equally but chiefly in the tip, therefore on this account in fish the tip only is separate from the jaw.
Now all animals are able to perceive the pleasant taste which is derived from food, and so they have a desire for food, because desire aims at getting that which is pleasant. The part, however, by -which this perception or sensation of the food takes place, is not identical in all of them, for some have a tongue which moves freely and loosely, others (which have no vocal functions) have a tongue that is fastened down.
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φωνής, καί τοΐς μεν σκληρόν τοΐς δε μαλακόν η σαρκώδες. διό καί τοΐς μαλακόστρακος, οΐον καράβοις και τοΐς τοιουτοις, εντός υπάρχει τι του 15 στόματος τοιοΰτον, και τοΐς μαλακίοις, οΐον σηπίαις και πολυποσιν. των δ’ εντόμων ζώων ενια μεν εντός εχει τό τοιοΰτον μόριον, οΐον το των μνρ-μηκων γένος, ωσαύτως δε και των οστρακόδερμων πολλά· τα δ’ εκτός, οΐον κέντρον, σομφόν δε την φυσιν και κοΐλον, ώσθ’ άμα τούτω και γευεσθαι καί 20 την τροφήν άνασπάν. δήλον δε τούτο επί τε μυιών και μελιττών και πάντων των τοιουτων, ετι δ’ επ' εν ίων των οστρακόδερμων ταΐς γαρ πορφΰραις τοσαυτην εχει δύναμιν τούτο τό μόριον ώστε και των κογχυλίων διατρυπώσι τό όστρακον, οΐον των στρόμβων οΐς δελεάζουσιν αύτάς. ετι δ’ οι τ’ οίστροι καί οι μύωπες οι μεν τα των ανθρώπων 25 οι δε καί τα των ά?λων ζώων δέρματα διαιρονσιν. εν μεν ονν τοντοις τοΐς ζώοις η γλώττα τοιαάτη την φνσιν εστίν, ώσπερ άντιστρόφως εχουσα τω μυκτηρι τω των ελεφάντων καί γάρ εκείνοις προς βοήθειαν 6 μυκτήρ, καί τούτοις η γλώττα αντί κέντρου εστίν. επί δε των άλλων ζώων η γλώττα 80 πάντων εστίν οΐανπερ εΐπομεν.
° Under this name. Aristotle probably includes several species of Purpura and Murex. Tyrian purple (6, 6' dibrom-
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Some again have a hard tongue ; others a soft or fleshy one. So we find that even the Crustacea—e.g. the Crayfish and such—have a tongue-like object inside the mouth, and so have the Cephalopods—e.g. the Sepias and the Octopuses. Of the Insects, some have this or^an inside the mouth (e.g. the Ants), and so have many of the Testacea. Others have it outside, as though it were a sting, in Avhich case it is spongy and hollow, and so they can use it both for tasting and for drawing up their food. Clear examples of this are flics and bees and all such creatures, and also some of the Testacea. In the Purpurae,a for instance, this “ tongue ” has such strength that they can actually bore through the shells of shellfish with it, including those of the spiral snails which are used as baits for them. Also, there are among the gadflies and cattle-flies creatures that can pierce through the skin of the human body, and some can actually puncture animal hides as well. Tongues of this sort, we may say, are on a par with the elephant’s nose ; in their tongue these creatures have a useful sting just as the elephant has a handy implement in his trunk.
In all other animals the tongue conforms to the description we have given.
indigo) is obtained from Murex brandaris. For the boring powers of these creatures’ tong-ues see the reference for Purpura lapillus given by Ogle (Forbes and Hanley, Brit. Mollusca, iii. 385).
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Έχόμενον δε των ε ψημένων ή των οζόντων 35 έστι φύσις τοΐς ζωοις, και τό στόμα τό περι-εχόμενον υπό τούτων καί συνεστηκός εκ τούτων.
66lb Τοι? μεν ουν άλλοις ή των όδόντων φύσις κοινή μεν έπι την της τροφής εργασίαν υπάρχει, χωρίς δε κατά γένη τοΐς μεν αλκής χάριν, και ταύτης δι-ηρημένης, έπι τε τό ποιειν και τό μη πασχειν τα μεν γάρ άμφοΐν ένεκεν έχει, και του μη παθεΐν 5 και του ποιειν, οΐον όσα σαρκοφάγα των άγριων την φύσιν έστίν, τα δέ βοήθειας χάριν, ώσπερ πολλά των αγρίων και των ημέρων.
'O δ’ άνθρωπος π ρος τε την κοινήν χρήσιν καλώς έχει πεφυκότας' τούς μεν προσθίους όζεις, ΐνα διαιρώσι, τούς δε γομφίους πλατείς, ΐνα λεαίνωσιν ίο όρίζουσι δ’ εκατέρους οι κυνόδοντες, μέσοι την φύσιν αμφοτέρων όντες· τό τε γάρ μέσον αμφοτερων μετέχει των άκρων, οι τε κυνόδοντες τη μεν όζεις τη δε πλατείς είσιν ομοίως δε και επι των άλλων ζωων, όσα μη πάντας έχουσιν όζεις —μάλιστα δε και τούτους τοιούτους και τοσου-τους προς την διάλεκτον πολλά γαρ προς την 208
BOOK III
The subject which follows naturally after our previous Teeth, remarks is that of the Teeth. We shall also speak about the Mouth, for this is bounded by the teeth and is really formed by them.
In the lower animals teeth have one common function, namely, mastication ; but they have additional functions in different groups of animals. In some they are present to serve as weapons, offensive and defensive, for there are animals which have them both for offenee and defenee (e.g. the wild carnivora) ; others (including many animals both wild and domesticated) have them for purposes of assistance.
Human teeth too are admirably adapted for the common purpose that all teeth subserve : the front ones are sharp, to bite up the food; the molars are broad and flat, to grind it small ; and on the border between the two are the dog-teeth whose nature is intermediate between the two : and just as a mean shares the nature of both its extremes, so the dog-teeth arc broad in one part and sharp in another. Thus the provision is similar to that of the other animals, except those whose teeth are all sharp ; but in man even these sharp teeth, in respect of character and number, are adapted chiefly for the purposes of speech, since the
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15 γενεσιν τών γραμμάτων οι πρόσθιοι των όδόντων συμβάλλονται.
Έπα δε των ζώων, ώσπερ είπομεν, τροφής χάριν εχει μόνον, όσα δε και ττ ρος βοήθειάν τε και προς αλκήν, τα μεν χαυλιόδοντας εχει, καθάπερ νς, τα δ’ οξείς και επαλλάττοντας, όθεν καρχαρόδοντα -O καλείται, επει γάρ εν τοΐς όδοΰσιν -η ισχύς αυτών, τοΰτο δε γίνοιτ αν διά την οξύτητα, οι χρήσιμοι προς την αλκήν εναλλάξ εμπίπτουσιν, όπως μη άμβλύνωνται τριβόμενοι προς άλλήλονς. ούδεν δε των ζώων εστιν άμα καρχαρόδουν καί χαυλιόδουν, διά το μηδέν μάτην ποιεΐν την φύσιν μηδε περί-25 εργον εστι δε των μεν διά πληγης ή βοήθεια, των δε διά δήγματος, διόπερ αί θήλειαι των ύών δάκνονσιν ου γάρ εχουσι χαυλιόδοντας.
(Καρόλου δε χρεών τι λαβειν, ό και επί τούτων και επί πολλών των ύστερον Αεχθησομενων εσται χρήσιμον, των τε γάρ προς αλκήν τε και βοήθειαν 30 οργανικών μορίων εκαστα άποδίδωσιν ή φύσις τοΐς δυναμενοις χρήσθαι μόνοις ή μάλλον, μάλιστα δε τω μάλιστα, οΐον κέντρον, πλήκτρον, κέρατα, χαυλιόδοντα? και ει τι τοιοΰτον ετερον. επεί δε το άρρεν ισχυρότερου και θνμικώτερον, τα μεν μόνα τα δε μά/\λον εχει τα τοιαΰτα τών μορίων, όσα 85 μεν γάρ άναγκαΐον καί τοΐς θήλεσιν εχειν, οΐον τα προς την τροφήν, εχουσι μεν ήττον δ’ εχουσιν, όσα δε προς μηδέν τών αναγκαίων, ούκ εχουσιν. και 0 See note on 644 a 17.
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front teeth contribute a great deal to the formation of the sounds.
As λνε have said, the teeth of some of the animals have one function only, to break up the food. Of those animals whose teeth serve also as a defence and as weapons, some (like the Swine) have tusks, some have sharp interlocking teeth, and are called “ saw-toothed ” as a result. The strength of these latter animals lies in their teeth, and sharpness is the means of securing this ; so the teeth which are serviceable as weapons are arranged to fit in side by-side when the jaws are closed to prevent them from rubbing «against each other and becoming blunt. No animal has saAv-teeth as well as tusks ; for Nature never does anything without purpose or makes anything superfluously. These teeth are used in self-defence by biting ; tusks by striking. This explains why sows bite : they have no tusks.
(At this point we should make a generalization, “The more which will help us both in our study of the foregoing “ens^ P10 cases and of many that are to follow. Nature allots defensive and offensive organs only to those creatures which can make use of them, or allots them “in a greater degree,” a and “in the greatest degree” to the animal which can use them to the greatest extent. This applies to stings, spurs, horns, tusks, and the rest. Example : Males are stronger than females and more spirited ; hence sometimes the male of a species has one of these parts and the female has none, sometimes the male has it “in a greater degree.”
Parts which are necessary for the female as well as for the male, as for instance those needed for feeding, are of course present though “ in a less degree ” ; but those which serve no necessary end are not
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a διά τούτο των ελάφων ol μεν άρρενες έχουσι κέρατα, al δέ θήλειαι ούκ εχουσιν. διαφέρει δε και τα κέρατα των θηλειών βοών και των ταύρων’ ομοίως δε και εν τοΐς ττροβάτοις. και πλήκτρα 5 των άρρένων εχόντων αι πολλαϊ των θηλειών ούκ εχονσιν. ως δ’ αυτως εχει τούτο και επί των άλλων των τοιούτων.)
Οι δ’ ιχθύες πάντες εΐσί καρχαρόδοντες, πλήν του ενός του καλουμένον σκόρον πολλοί δ’ εχουσι καί εν ταΐς γλώτταις όδόντας και εν τοΐς ούρανοΐς. τούτου δ’ αίτιον ότι άναγκαΐον εν νγροΐς ούσι ίο παρεισδέχεσθαι τό υγρόν άμα τή τροφή, και τούτο ταχέως εκπέμπειν. ου γάρ ενδέχεται Αεαίνοντας διατρίβειν εισρέοι γάρ αν τό υγρόν εις τάς κοιλίας, διά τούτο πάντες είσιν όζεις προς την διαίρεσιν μόνον, και1 πολλοί και πο/\λαχή, ΐνα αντί τού λεαίνειν εις πολλά κερματίζωσι τω πλήθει. γαμφοϊ is δἐ διά τό την αλκήν σχεδόν άπασαν αντοΐς διά τούτων είναι.
Έχει δε καί την τού στόματος φύσιν τα ζώα τούτων τε τών έργων ένεκα καί έτι τής αναπνοής, όσα άναπνεΐ τών ζώων και καταφύχεται θύραθεν. ή γάρ φύσις αυτή καθ' αυτήν, ώσπερ εϊπομεν, τοΐς so κοινοΐς πάντων μορίοις εις πολλά τών ιδίων κατα-χρήται, οΐον και επί τού στόματος ή μέν τροφή πάντων κοινόν, ή δ’ αλκή τινών ίδιον και ό λόγος ετέρων, έτι δε τό άναπνεΐν ου πάντων κοινόν, η δε 1 S1C Ρ : διαίρεσιν. πάλιν και vulg. α Probably the parrot-fish. Cf. 675 a 3.
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present. Thus, stags have horns, does have not.
Thus, too, cows’ horns are different from bulls’ horns, and ewes’ from rams’. In many species the males have spurs while the females have not. And so with the other such parts.)
All fishes are saw-toothed except one species, the Scarus.α Many of them have teeth on their tongues and in the roof of the mouth. This is because as they live in the water they cannot help letting some of it in as they take in their food, and they have to get it out again as quickly as possible.
If they failed to do so, and spent time grinding the food small, the water would run down into their gut.
So all their teeth are sharp and intended only for cutting up the food. Further, they are numerous and placed all over the mouth ; so by reason of their multitude they can reduce the food into tiny pieces, and this takes the place of the grinding process.
The)’ are also curved ; this is because practically the whole of a fish’s offensive force is concentrated in its teeth.
The mouth, too, is present in animals on purpose Mouth, to fulfil these same offices, but it has also a further purpose, at any rate in those animals which breathe and are cooled from without—namely, to effect respiration. As we said earlier, Nature will often quite spontaneously take some part that is common to all animals and press it into service for some specialized purpose. Thus., the mouth is common to all animals, and its normal and universal function has to do with food : but sometimes it has an extra function, peculiar to some species only : in some it is a weapon, in others a means of speech ; or more generally, though not universally, it serves for respiration. Nature has
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φύσις απαντα συνηγαγεν εις εν, ποιουσα οιαφοραν
αυτού τον μορίου προς τάς τής εργασίας διαφοράς. 25 διο τα μεν εστι συστομώτερα, τα δε μεγαλόστομα, όσα μεν γάρ τροφής καί αναπνοής και λόγου χάριν, συστομώτερα, των δε βοήθειας χάριν τα μεν καρχαρόδοντα πάντα άνερρωγότα· ουσης γάρ αύτοΐς τής αλκής εν τοΐς δήγμασι χρήσιμον το μεγάλην είναι την άνάπτυζιν του στόματος· πλείοσι so γάρ καί κατά μεΐζον δήξεται, δσονπερ αν επί το πλέον άνερρώγη το στόμα. εχουσι δε καί των ιχθύων οι δηκτικοί καί σαρκοφάγοι τοιοΰτον στόμα, οι Se μή σαρκοφάγοι μύουρον τοιοΰτον γάρ αύτοΐς χρήσιμον, εκεΐνο δε άχρηστον.
Τοι? δ’ όρνισίν εστι το καλούμενοι’ ρόγχος στόμα· 35 τούτο γάρ αντί χειλών καί όδόντων εχουσιν. δια-662 b φερει δε τούτο κατά τάς χρήσεις καί τάς βοήθειας. τα μεν γάρ γαμφώννχα καλούμενα διά το σαρκο-φαγεΐν καί μηδενί τρεφεσθαι καρπω γαμφόν εχει το ρόγχος άπαντα· χρήσιμον γάρ προς τό κρατεΐν καί βιαστικώτερον τοιοντο πεφνκός. ή δ’ αλκή εν 5 τουτω τε και τοΐς όνυζι· διό καί τους όνυχας γαμφοτερους εχουσιν. των δ’ α'λλων εκάστω προς τον βίον χρήσιμόν εστι τό ρόγχος, οΐον τοΐς μεν δρυοκόποις ισχυρόν καί σκληρόν, καί κόραξι καί κορακώδεσι, τοΐς δε μικροΐς γλαφυρόν προς τάς σύλλογός των καρπών καί τάς λήφεις τών ζω-δαριων. όσα δε ποηφάγα καί όσα παρ' ελη ζή, 214.
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brought all these functions together under one part, whose formation she varies in the different species to suit its various duties. That is why the cinimals which use their mouths for feeding, respiration and speaking have rather narrow mouths, while those that use them for self-defence have wide and gaping mouths. All the saw-tonthed creatures have these wide mouths, for their method of attack is biting, and therefore they find it an advantage to have a mouth that will open \vide ; and the wider it opens the greater the sptace the bite will enclose, and the greater the number of teeth brought into caction. Biting and carnivorous fishes have mouths of this sort ; in the non-carnivorous ones it is on a tapering snout, and this suits their habits, whereas a gaping mouth would be useless.
In birds, the mouth appears in the form of a beak, I3eak. which serves them instead of lips and teeth. Various sorts of beak are found, to suit the various uses including defensive purposes to which it is put. All of the birds known as crook-taloned have a curved beak, because they feed on flesh and take no vegetable food : a beak of this form is useful to them in mastering their prey, as being more adapted for the exertion of force. Their beak, then, is one weapon of offence, and their claws are another ; that is why their claws are exceptionally curved. Every bird has a beak which is serviceable for its particular mode of life.
The woodpeckers, for instance, have a strong, hard beak ; so have crows, and other birds closely related to them ; small birds, on the other hand, have a finely constructed beak, for picking up seeds and catching minute animals. Birds that feed on herbage and that live by marshes (e.g. swimmers and
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καθάπερ τα πλωτά και στεγανόποδα, τα μεν άλλον τρόπον χρήσιμον έχει τό ρόγχος, τα δε πλατύρυγχα αίηών εστιν τοιούτω γάρ όντι ραδίως δυναται όρυσσειν, ώσπερ και των τετραπόδων τό της ύός-και γάρ αυτή ριζοφάγος. ετι δ’ εχουσι καί τα 15 ριζοφάγα των όρνεων και των όμοιοβίων ενια τα άκρα του ρόγχους κεχαραγμενα* ποηφάγοις γάρ τούτοις ουσι ποιεί ραδίως.
Τίερι μεν ουν των άλλων μορίων των εν τη κεφαλή σχεδόν εϊρηται, των δ’ ανθρώπων καλείται τό μεταξύ της κεφαλής καί του αύχενος πρόσωπον, 20 από της πράξεως αυτής όνομασθέν, ως εοικεν διά γάρ τό μόνον ορθόν είναι των ζώων μόνον πρόσ-ωθεν όπωπε καί την φωνήν εις τό πρόσω δια-πέμπει.
II.	ΪΙερί δε κεράτων λεκτεον καί γάρ ταΰτα πεφνκε τοΐς εχουσιν εν τή κεφαλή, εχει δ’ ούδεν 25 μή ζωοτόκον, καθ’ ομοιότητα δε καί μεταφοράν λεγεται καί ετέρων τινών κέρατα- ἀλλ’ ούδενί αυτών τό έργον του κέρατος υπάρχει, βοήθειας γάρ καί αλκής χάριν εχουσι τα ζωοτόκα, ο τών άλλων τών λεγομένων έχειν κέρας ούδενί συμ-βέβηκεν ούδεν γάρ χρήται τοΐς κέρασιν οϋτ 30 άμυνόμενον ούτε προς τό κρατεΐν, άπερ ισχύος έστίν έργα, όσα μεν οϋν πολυσχιδή τών ζώων, ούδεν έχει κέρας, τούτου δ’ αίτιον ότι τό μεν κέρας βοήθειας αίτιόν έστι, τοΐς δε πολυσχιδέσιν ύπάρχουσιν έτεραι βοήθειαι- δέδωκε γάρ ή φύσις τοΐς μεν όνυχας τοΐς δ’ οδόντα? μαχητικούς, τοΐς
° Under this heading all the Mammalia known to Aristotle 216
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web-footed birds) have a beak adapted for their mode of life, a special instance of which is the broad beak, which enables them to dig for roots easily, just as the broad snout of the pig enables it to dig—an example of a root-eating quadruped. These rooteating birds and other birds of similar habits sometimes have sharp points at the end of the beak. This enables them to deal easily with the herbaceous food which they take.
We have now, I think, spoken of practically all the parts that have their place in the head ; but in man, the portion of the body between the head and the neck is called the Prosopon (Face), a name derived, no doubt, from the function it performs.
Man, the only animal that stands upright, is the only one that looks straight before him (prosothen opope) or sends forth his voice straight before him (proso, opa).
II. We still have to speak of Horns : these also, Homs, -when present, grow out of the head. Horns are found only in the Vivipara; though some other creatures have what are called horns, owing to their resemblance to real horns. None of these so-called horns, however, performs the function proper to horns.
The reason why the Vivipara have horns is for the sake of self-defence and attack, and this is not true of any of these other creatures, since none of them uses its “ horns ” for such feats of strength either defensively or offensively. The polydactylous animals,'1 moreover, have no horns, because they possess other means of defence. Nature has given them claws or teeth to fight with, or some other part capable of
are included, except ruminants, solid-hoofed animals, and Cetacea.
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35 δ’ άλλο τι μόριον ικανόν άμύνειν. των δε διχάλαν 663 a τα μεν πολλά κέρατα έχει προς αλκήν, και των μωνύχων ενια, τα, Se και προς βοήθειαν, όσοις1 μη δέδωκεν η φύσις άλλην αλκήν προς σωτηρίαν, οίον ταχύτητα σώματος, καθάπερ τοΐς ΐπποις βεβοηθη-κεν, η μέγεθος, ώσπερ ταϊς καμηλοις- και γαρ 6 μεγέθους υπερβολή την από των άλλων ζώων φθοράν ικανή κωλύειν, δπερ συμβέβηκε ταΐς καμηλοις, ετι δε μάλλον τοΐς έλέφασιν. τα δέ χαυλιόδοντα, (ώσπερ και τό των ύών γένος, δίχαλον ζόν').2
"Οσοις δ5 άχρηστος πέφυκεν η των κεράτων έξοχη, τούτοις προστέθεικεν ετέραν βοήθειαν η ίο φύσις, οΐον ταΐς μεν ελάφοις τάχος (τό γαρ μέγεθος αυτών και τό πολυσχιδές μάλλον βλάπτει η ωφελεί), και βουβάλοις δε και δορκάσι (προς ένια μεν γαρ άνθιστάμενα τοΐς κέρασιν αμύνονται, τα Se θηριώδη και μάχιμα άποφεύγουσι), τοΐς δε βονάσοις (και γαρ τουτοις γαμφά τα κέρατα πέφυκε προς 15 άλληλα) την του περιττώματος άφεσιν τούτου γαρ αμύνεται φοβηθέντα· και ταύτη δε τη προέσει διασώζεται έτερα. άμα δ’ ίκανάς καί πλείους βοήθειας ου δέδωκεν η φύσις τοΐς αύτοΐς.
Έστι δε τα πλεΐστα των κερατοφόρων δίχαλα, λέγεται δε και μώνυχον, ον καλοΰσιν ’Ινδικόν όνον. 20 Τα μεν οΰν πλεΐστα, καθάπερ και τό σώμα διηρηται τών ζώων οις ποιείται την κίνησιν, δεξιόν και αριστερόν, καί κέρατα δύο πέφυκεν έχειν διά
1	δὲ post όσοις vulg. : del. Platt, Thurot 2 <όν> Ogle.
“ Cf. above, on 6 IS a 16. b The European bison.
' This is probably the Indian Rhinoceros. This account 218
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rendering adequate defence. Most of the cloven-hoofed animals, and some of the solid-hoofed, have horns, as weapons of offence; some have horns for self-defence, as those animals which have not been given means of safety and self-defence of a different order—the speed, for instance, which Nature has given to horses, or the enormous size which camels have (and elephants even move), which is sufficient to prevent them from being destroyed by other animals. Some, however, have tusks, for instance swine, although they are cloven-hoofed.
In some animals the horns are a useless appendage,0 and to these Nature lias given an additional means of defence. Deer have been given speed (because the size of their horns and the numerous branches are more of a nuisance to them than a help). So have the antelopes and the gazelles, which, although they withstand some attackers and defend themselves with their horns, run away from really fierce fighters. The Bonasus,6 whose horns curve inwards to meet each other, protects itself when frightened by the discharge of its excrement. There are other animals that protect themselves in the same way. Nature, however, lias not given more than one adequate means of protection to any one animal.
Most of tiie horned animals are cloven-hoofed, though there is said to be one that is solid-hoofed, the Indian Ass,c as it is called.
The great majority of horned animals have two horns, just as, in respect of the parts by which its movement is effected, the body is divided into two—the right and the left. And the
of it comes from the Indica of Ktesias of Knidos, quoted in Photius’s Bibliotheca, lxxii. pp. 48 b li) (Bekker) foil.
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τήν αυτήν αιτίαν · εστι οε και μονοκέρατα, οιον ο τ όρυξ καί 6 ’Ινδικό? καλούμενος ονος. εστι δ' 6 μεν όρυξ δίχαλον, 6 δ' ονος μώνυχον, εχει δί τα 25 μονοκέρατα το κέρας εν τω μεσω της κεφαλής’ οϋτω γάρ εκάτερον των μερών μάλιστ’ αν έχοι κέρας εν το γάρ μέσον ομοίως κοινόν άμφοτερων των εσχάτων. εύλόγως δ’ αν δόξειε μονόκερων είναι τό μώνυχον του δίχαλου μάλλον οπλή γάρ και χηλή τήν αυτήν εχει κερατι φύσιν, ώσθ’ άμα so καί τοΐς αύτοΐς ή σχίσις γίνεται των οπλών καί τών κεράτων, ετι δ’ ή σχίσις και τό δίχαλον κατ’ ελλειφιν τής φύσεώς εστιν, ώστ εύλόγως τοΐς μωνύχοις εν ταΐς όπλαΐς δοΰσα τήν υπεροχήν ή φύσις άνωθεν άφεΐλε και μονόκερων εποίησεν.
Όρθώς 8e και το επί τής κεφαλής ποιήσαι τήν 35 τών κεράτων φύσιν, άλλα μή καθάπερ ό Αισώπου Μώ/xos· διαμεμφεται τον ταύρον ότι ούκ επι τοΐς 663 b ώμοις εχει τα κέρατα, όθεν τάς πληγάς εποιεΐτ’ οίν ίσχυροτάτας, αλλ’ επί τον άσθενεστάτου μέρους τής κεφαλής. ου γάρ οξύ βλεποιν ό Μ ώμος τ αϋτ επετίμησεν. ώσπερ γάρ και ει ετερωθί που του 5 σώματος κέρατα επεφύκει, βάρος αν παρεΐχεν άλλως ούδεν όντα χρήσιμα καν εμπόδια τών έργων πολλοΐς ήν, οϋτω και επί τών ώμων πεφυκότα. ου γάρ μόνον χρή σκοπεΐν ποθεν ισχυρότεροι αι πλη-γαί, αλλά καί ποθεν πορρώτεραι· ώστ επεί χεΐρας μεν ούκ εχουσιν, επί δε τών ποδών αδύνατον, εν δε 1 αυτήν αιτίαν Peck : αιτίαν -αυτήν vuljj. β See Babrius, Myth. Aesop, lix. S-10.
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reason in both cases is the same. There are, however, some animals that have one horn only, e.g. the Oryx (whose hoof is cloven) and the “ Indian Ass ” (whose hoof is solid). These creatures have their horn in the middle of the head : this is the nearest approximation to letting each side have its ολνη horn, because the middle is common equally to both extremes. Now it is quite reasonable that the one horn should go with the solid hoof rather than with the cloven hoof, because hoof is identical in nature with horn, and we should expect to fiud divided hoofs and divided horns together in the same animal. Again, division of the hoof is really due to deficiency of material, so it is reasonable that as Nature has used more material in the hoofs of the solid-hoofed animals, she has taken something away from the upper parts and made one horn only.
Again, Nature acted aright in placing the horns on the head. Momus in Aesop’s fable® is quite wrong when he finds fault with the bull for having his horns on the head, which is the weakest part of all, instead of on the shoulders, which, he says, would have enabled them to deliver the strongest possible blow. Such a criticism shows Momus’s lack of perspicacity. If the horns had been placed on the shoulders, as indeed on any other pai’t of the body, they would have been a dead weight, and would have been no assistance but rather a hindrance to many of the animal’s activities. And besides, strength of stroke is not the only point to be considered : width of range is equally important. Where could the horns have been placed to secure this ? It would have been impossible to have them on the feet; knees with horns on them would have
221
ARISTOTLE
τοΐς γόνασιν οντα την κάμφιν εκώλυεν αν, αναγ-ιο καΐον ώσπερ νυν εχουσιν, επί της κεφαλής έχεlv. άμα δε καί προς τάς άλλας κινήσεις του σώματος ανεμπόδιστα πεφυκεν οϋτω μάλιστα.
”Κστι δε τα κέρατα δι’ ολου στερεά τοΐς ελαφοις μόνοις, και αποβάλλει μόνον, ενεκεν μεν ωφέλειας κουφιζόμενον, εξ ανάγκης δε διά το βάρος, των δ 15 άλλων τα κέρατα μέχρι τινός κοίλα, τα δ’ άκρα στερεά διά το π ρος τάς πληγάς τοΰτ είναι χρήσιμον. όπως δε μηδε το κοΐλον άσθενες η ο1 πεφυκεν εκ τ ου δέρματος, εν τουτω2 ενηρμοσται (το)3 στερεόν εκ των οστών οϋτω γάρ και τα κέρατα εχοντα προς άλκην τε χρησιμώτατ εστί* 20 και προς τον άλλον βίον άνοχλότατα.
Τινος μεν οΰν ενεκεν η των κεράτων φύσις, ε'ίρηται, και διά τίν αιτίαν τα μεν εχουσι τοιαυτα τα δ’ ονκ εχουσιν
ΓΙώ? δε της αναγκαίας φύσεως εχουσης τοΐς ύπάρχουσιν εξ ανάγκης η κατά τον λόγον φύσις ενεκά του κατακεχρηται, λεγωμεν.
2δ ΥΙρώτον μεν ουν τό σωματώδες και γεώδες πλεΐον υπάρχει τοΐς μείζοσι τών ζωων, κερατοφόρον δε μικρόν πάμπαν ουδεν ΐσμεν ελάχιστον γάρ εστι τών γνωριζόμενων δορκάς, δει δε την φυσιν θεωρεΐν εις τα 77θλλά βλεποντα· η γάρ εν τω παντί η ως επί τό πολύ τό κατά φυσιν εστίν. τό δ' όστώδες εν
1 ο Peck, cf. Hist. An. 500 a 8: ου vulg., om, EPY: οὰ suprascr. Ζ (ν. ρ. 46).	2 τοότω Peck : τουτω 8’ vulg.
3 (τό) Peck : cf. 7list. An. 500 a 9.
1 earl Platt: Aval vulg. : εΐη αν Thurot.
a For the contrast between “necessary nature” and 222
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been unable to bend ; and the bull has no hands ; so they had to be where they are—on the head. And being there, they offer the least possible hindrance to the movements of the body in general.
Deer alone have horns that are solid throughout; and deer alone shed their horns : this is done (a) on purpose to get the advantage of the extra lightness, ίb) of necessity, owing to the weight of the horns. In other animals the horns are hollow up to a certain distance, but the tips are solid because solid tips are an advantage when striking. And to prevent undue weakness even in the hollow part, which grows out from the skin, the solid piece which is fitted into it comes up from the bones. In this way the horns are rendered most serviceable for offensive purposes and least hampering during the rest of the time.
This completes our statement of the purpose for which horns exist and the reason why some animals have them and some have not.
We must now describe the character of that “ necessary nature,” owing to which certain things are present of necessity, things which have been used by “ rational nature ” to subserve a “ purpose.” a
To begin with, then : the larger the animal, the greater the quantity of corporeal or earthy matter there is in it. We know no really small horned animal—the smallest known one is the gazelle. (To study Nature we have to consider the majority of cases, for it is either in what is universal or what happens in the majority of cases that Nature’s ways are to be found. Now all the bone in animals’
“ rational nature” see above 640 b 8-29, 641 a 25 if., 642 a 1 ff., and cf. G.A. (Loeb edn.), Introd. § 14.
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30 τοις σωμασι των ζωων γεεοοες υπάρχει· οιο και πλεΐστον εν τοΐς μεγίστοις ως επί το πολν βλε-φαντας είπεϊν. την γοΰν τοιούτου σώματος περιτ-τωματικην υπερβολήν εν τοΐς μείζοσι των ζώων νπάρχουσαν επί βοήθειαν καί το συμφέρον κατα-χρηται ή φύσις, καί την ρεονσαν εξ ανάγκης εις τον 35 άνω τόπον τοΐς μεν εις όδόντας καί χαυλιόδοντας άπενειμε, τοΐς δ’ εις κέρατα, διό των κερατοφόρων ουδεν εστιν άμφωδον άνω γάρ ουκ εχει τους 664 a προσθίους όδόντας· άφελοΰσα γάρ εντεύθεν η φύσις τοΐς κέρασι προσεθηκε, καί ή διδόμενη τροφή εις τους όδόντας τούτους εις την των κεράτων αϋξησιν αναλίσκεται, του δε τάς θηλείας ελάφους κέρατα μεν μη εχειν, περί δε τούς όδόντας ομοίως τοΐς 5 άρρεσιν, αίτιον τό την αυτήν είναι φύσιν άμφοΐν καί κερατοφόρον, άφηρηται τα κέρατα ταΐς θηλείαις διά τό χρήσιμα μεν μη είναι μηδε τοΐς άρρεσιν, βλάπτεσθαι δ’ ησσον διά την ισχύν.
Των δ’ άλλων ζώων όσοις μη εις κέρατα αποκρίνεται τό τοιοΰτον μόριον του σώματος, ενίοις ίο μεν των όδόντων αυτών επηύξησε τό μεγεθος κοινή πάντων, ενίοις δε χαυλιόδοντας ώσπερ κέρατα εκ των γνάθων εποίησεν.
ΤΙερί μεν οΰν των εν τη κεφαλή μορίων ταντη δι ωρίσθω.
III.	‘Τίτο δε την κεφαλήν ό αύχην πεφυκώς εστι τοΐς εχουσιν αυχένα των ζώων, ου γάρ πάντα 15 τούτο τό μόριον εχει, αλλά μόνα τα εχοντα ών ° i.e. constituent substance. See on 648 a 2.
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bodies consists of earthy matter; so if we consider the majority of cases, we can say that there is most earthy matter in the biggest animals.) At any rate, in the larger animals there is present a surplus of this corporeal or earthy matter, produced as a residue, and this Nature makes use of and turns to advantage to provide them -with means of defence.
That portion of it which by necessity courses upwards she allots to form teeth and tusks in some animals, and to form horns in others. And we can see from this why no horned animal has incisor teeth in both jaws, but only in the bottom jaw. Nature has taken away from the teeth to add to the horns ; so that the nourishment which would normally be supplied to the upper teeth is here used to grow the horns. Why is it, then, that female deer, although they have no horns, are no better off for teeth than the male deer ? The ar^ver is : Both of them are, by nature, horned animals ; but the females have lost their horns because they -would be not only-useless but dangerous. The horns are indeed of no more use to the males, but they are less dangerous because the males are stronger.
Thus in some animals this “ part ”a of the body is secreted for the formation of horns ; in others, however, it causes a general increase in the size of the teeth, and in others again it produces tusks, which are like horns springing out of the jaws instead of the head.
We have now dealt with the “ parts ” that appertain to the head.
III. The place of the neck, Avhen there is one, is Of the below the head. I say “ when there is one,” because oefopha^us. only those animals have this part which also have
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χάριον 6 ανχήν πέφνκεν ταΰτα δ’ ἐστιν ο τε φάρυγξ καί 6 καλούμενος οισοφάγος.
Ό μεν ουν φάρυγξ του πνεύματος ενεκεν πέφνκεν διά τούτον γάρ είσάγεται το πνεύμα τα ζώα καί εκπέμπει άναπνεοντα καί εκπνεοντα. διό τα μἡ 20 έχοντα πλεύμονα ονκ εχουσιν ονδ' αυχένα, οΐον το των ιχθύων γένος. 6 δ’ οισοφάγος εστί δι’ ου ή τροφή πορεύεται εις την κοιλίαν ωσθ’ ὅσα μη έχει αυχένα, ούδ' οισοφάγον έπιδήλως εχουσιν. ονκ άναγκαΐον δ’ εχειν τον οισοφάγον της τροφής ενεκεν ούθεν γάρ παρασκευάζει προς αυτήν, ετι 25 δε μετά την τον στόματος θεσιν ενδέχεται κεΐσθαι την κοιλίαν ευθέως, τον δε πλεύμονα ονκ ενδέχεται, δει γάρ είναι τινα κοινόν οίον αυλώνα, δι’ ού με-ριειται τό πνεύμα κατά τάς αρτηρίας εις τάς σύριγγας, διμερή όντα1· καί κάλλιστ αν ούτως άποτελοϊ την αναπνοήν καί έκπνοην. τον δ’ όρ-30 γάνου τού περί την αναπνοήν εξ ανάγκης έχοντος μήκος, άναγκαΐον τον οισοφάγον είναι μεταξύ τον στόματος καί της κοιλίας, έστι δ’ ό μεν οισοφάγος σαρκώδης, έχων νευρώδη τάσιν, νευρώδης μέν, όπως έχη διάτασιν εισιούσης της τροφής, σαρκώδης 35 δί, όπως μαλακός η καί ενδίδω καί μη βλάπτηται τραχυνόμενος υπό τών κατιοντων.
'H 8e καλουμένη φάρυγξ καί άρτηρία συνέστηκεν 664 b όκ χονδρώδονς σώματος· ου γάρ μόνον αναπνοής ένεκέν έστιν αλλά καί φωνής, δει δε τό φοφησειν μέλλον λεΐον είναι καί στερεότητα εχειν. κεΐται δ’ έμπροσθεν ή άρτηρία τού οισοφάγου, καιπερ εμ-ποδίζονσα αυτόν περί την υποδοχήν τής τροφής· δ εάν γάρ τι παρεισρνή ξηρόν ή υγρόν είς την άρτη-1 δι μέρη όντα Peck : δι μερψ ὥν vulg. : διμέρους οντος Th. 226
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those parts that the neck subserves—viz. the larynx and the oesophagus, as it is called.
The larynx is present for the sake of the breath : when animals breathe in and out, the breath passes through the larynx. Thus creatures which have no lung {e.g. fish) have no neck either. The oesophagus is the passage by which the food makes its way to the stomach ; so those that have no neck have no distinct oesophagus. So far as food is concerned, however, an oesophagus is not necessary, since it exerts no action upon the food ; and there is really no reason why the stomach should not be placed immediately next the mouth. The lung, however, could not be so placed, because some sort of tube must be present, common to both lungs, and divided into two, by which the breath is divided along the bronchial tubes into the air-tubes : this is the best method for securing good breathing, both in and out.
This respiratory organ, then, of necessity, is of some length ; and this necessitates the presence of an oesophagus, to connect the mouth to the stomach.
Now the oesophagus is fleshy, and it can also be extended like a sinew. It is sinewy so that it can stretch as the food enters in ; and it is fleshy so that it may be soft and yielding and not be damaged by the food grating on it as it goes down.
What are called the larynx and windpipe are Larynx and constructed of cartilaginous substance, since the pur- "indpip9· pose they serve includes speech as well as respiration ; and an instrument that is to produce sound must be smooth and firm. The windpipe is situated in front of the oesophagus, although it causes it some hindrance when food is being admitted—as when a piece of food, no matter "whether solid or fluid, gets
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ρίαν, πνιγμούς καί πόνους καί βηχας χαλεπας εμποιεί, ο δη και θαυμάσειεν αν τις των λεγοντων ως ταύτη το ποτόν δέχεται τό ζωον συμβαίνει γαρ φανερώς τα λεχθέντα πάσιν οις αν παραρρυη τι της ίο τροφής, πολλαχη δε γελοΐον φαίνεται το λέγειν ως ταυ τη τό ποτόν εισδέχεται τα. ζωα. πορος γαρ ούδείς εστιν εις την κοιλίαν από τοΰ πλεύμονος, ώσπερ εκ τοΰ στόματος όρώμεν τον οισοφάγον, ετι δ’ εν τοΐς εμέτοις και ναυτίαις ούκ άδηλον ποθεν τό υγρόν φαίνεται πορευόμενον. δήλον δε και οτι 15 ούκ ευθέως εις την κύστιν συλλέγεται το υγρόν, ἀλλ’ εις την κοιλίαν πρότερον* τα γαρ της κοιλίας περιττώματα φαίνεται χρωμάτιζειν η ιλύς του μελανός οίνον συμβέβηκε δε τούτο πολλακις φανερόν και επί των εις την κοιλίαν τραυμάτων, άλλα γαρ ίσως εϋηθες τό τούς ευήθεις των λόγων λίαν εξετάζειν.
20 'H δ’ αρτηρία τω διακείσθαι, καθάπερ είπομεν, εν τω πρόσθεν υπό της τροφής ενοχλείται· άλ/Υ η φύσις προς τούτο μεμηχάνηται την επιγλωττίδα. τ αυτήν δ’ ούκ έ'χουσιν άπαντα τα ζωοτοκούντα,1 ἀλλ’ δσα πλεύμονα εχει και τό δέρμα τριχωτόν, καί 25 μη φολιδωτά μηδέ πτερωτά πέφυκεν. τούτοις δ’ αντί της έπιγλωττίδος συνάγεται καί διοίγεται ό φάρυγξ όνπερ τρόπον εκείνοι ς- επιβάλλει τε καί αναπτύσσεται, τοΰ ζμέν')2 πνεύματος τη είσόδω τε καί εζόδω αναπτυσσόμενος, της δε τροφής είσ-
1 ζωοτοκοΰντα] ζώα τα ἔναιμα Ogle.
2	{μεν) supplevi et interpunctionem hie correxi.
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into the windpipe by mistake, and causes a great deal of choking and distress and violent coughing. This sort of thing occurs and can be observed whenever a piece of food goes the wrong way ; yet they must be mysteries to those who hold that animals take in their drink by way of the windpipe. e And there are many counts on which we can show that this is a ridiculous opinion to hold, (a) There is no passage leading from the lung into the stomach, such as the oesophagus, which, as we can see, leads thither from the mouth. And again, (6) there is no doubt where the fluid discharge comes from in cases of vomiting· and sea-sickness. (c) It is plain, too, that the fluid matter which we take does not collect immediately in the bladder, but goes first into the stomach. This is shown by the fact that the dregs of dark wine affect the colour of the residual discharge from the stomach ; and this colouring has often been observed in cases where the stomach has been wounded. Still, perhaps it is silty to be too minute in discussing these silly theories.
The windpipe, as we have said, is situated in front, and therefore is interfered with by the food. To deal ■with this difficulty, Nature has contrived the epiglottis. Not all Vivipara b have this, but only those which have a lung, and a hairy skin, and are not covered with horny scales or feathers. Those that are so covered have, to serve instead of the epiglottis, a larynx which closes and opens, just as the epiglottis does in the others ; it comes down and lifts up again : it lifts up during the entrance and exit of the breath, and subsides M'hile food is being taken, to prevent
“ See e.g. Plato, Timaeus 70 c 7, and Taylor ad loc.
6 Ogle changes the text here to read “ blooded animals,” which brings the statement nearer the truth.
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664	b	,	„	«,	- w
ιουσης επιπτυσσομενος, ινα μησεν παραρρυη προς SO την αρτηρίαν, εάν δ ί τι πλημμεληθή παρά την τοιαύτην κίνησιν καί προσφερομενης της τροφής άναπνεύση τις, βήχας καί πνιγμούς ποιεί, καθάπερ εΐρηται. οΰτω 8e καλώς μεμηχάνηται και η ταυτης και η τής γλώττης κίνησις, ώστε τής τροφής εν μεν τω στόματι λεαινομενης, παρ' αυτήν he haούσης, 35 την μεν όλιγάκις υπό τους όhόvτaς πίπτειν, εις he την αρτηρίαν σπάνιόν τι παραρρεΐν.
665	a Ούκ εχει he τα λεχθεντα ζώα την επιγλωττίΒα
διά τό ξηράς είναι τάς σάρκας αυτών και τό Βερμα σκληρόν, ώστ* ονκ αν ευκίνητον ήν τό τοιοΰτον μόριον αύτοΐς εκ τοιαύτης σαρκός και εκ τοιουτου Βερματος συνεστηκός, άλλ' αυτής τής αρτηρίας 5 τών εσχάτων θάσσον εγίνετ αν ή συναγωγή τής εκ τής οικείας σαρκός επιγλωττίόος, ήν εχουσι τα τριχωτά.
Δι' ήν μεν οΰν αιτίαν τα μεν εχει τών ζώων τα δ’ ούκ εχει, ταΰτ' είρήσθω, και Βιότι τής αρτηρίας την φαυλότητα τής θεσεως ίάτρευκεν ή φύσις, μηχανη-σαμενη τήν καλούμενην επιγλωττίΒα. κεΐται Β' ίο έμπροσθεν ή φάρυγζ τοΰ οισοφάγου εξ ανάγκης, ή μεν γάρ καρΒία εν τοΐς έμπροσθεν και εν μεσω κεΐται, εν ή τήν άρχήν φαμεν τής ζωής και πάσης κινήσεώς τε καί αίσθήσεως (επί τό καλούμενον γάρ έμπροσθεν ή αΐσθησις καί ή κίνησις· αύτώ γάρ τω 15 λόγω τοιηω Βιώρισται τό έμπροσθεν καί όπισθεν), ό Be πλεύμων κεΐται ου ή καρΒία καί περί ταύτην, ή B' αναπνοή Βιά τε τούτον2 καί Βιά τήν αρχήν τήν εν τή καρΒία ενυπάρχουσαν. ή 8' αναπνοή γίνεται τοΐς ζωοις Βιά τής αρτηρίας· ώστ' επεί τήν καρΒίαν 1 πpos ΡΖ: παρὰ vulg.
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anything coming in by mistake into the windpipe. If there is any error in this movement, or if you breathe in while you are taking food, coughing and choking results, as I have said. But the movement of the epiglottis and of the tongue has been so neatly contrived that while the food is being masticated in the mouth and is passing over the epiglottis, the tongue seldom gets in the way of the teeth, and hardly ever does any food slip into the windpipe.
I mentioned some animals that have no epiglottis. This is because their flesh is dry and their skin hard ; and thus if they had one, it would not move easily, because it -would have to be made out of constituents of this sort. It is quicker to contract the edges of the windpipe itself than it would be to close an epiglottis, if, as in the hairy creatures, it were made out of the same sort of flesh as the rest of their bodies.
This will suffice to show why some animals have an epiglottis and some not ; how Nature has contrived it so as 'to remedy the unsatisfactory position of the windpipe in front of the oesophagus. Still, the windpipe is bound by necessity to be in this position for the following reason. The heart is situated in the middle of the body and in the fore part of it ; and in the heart, we hold, is the principle of life and of all movement and sensation. Both of these activities take place in the direction we call forwards : that is the very principle which constitutes the distinction between before and behind. The lung is situated in the region of the heart, and surrounding it. Now breathing takes place for the sake of the lung and the principle which is situated in the heart : and the breath passes through the windpipe. So, since the
τούτον SUY : τούτο vulg.
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εν τοΐς έμπροσθεν πρώτην άναγκαΐον κεΐσθαι, καί 20 τον φάρυγγα καί την αρτηρίαν πρότερον άναγκαΐον κεΐσθαι τον οισοφάγον τα μεν γάρ προς τον πλευμονα τείνει και την καρπίον, 6 δ* εις την κοιλίαν, όλως δ’ άεϊ το βελτιον και τιμιώτερον, οπού μηδέν μεΐζον έτερον εμποδίζει, του μεν άνω καί κάτω εν τοΐς μάλλον εστιν άνω, τοΰ δ’ 25 έμπροσθεν καί όπισθεν εν τοΐς έμπροσθεν, τον δεξιόν δε καί αριστερού εν τοΐς δεξιοΐς.
Και περί μεν αύχένος τε καί οισοφάγον καί αρτηρίας εΐρηται, επόμενον δ’ εστί περί σπλάγχνων είπεΐν.
IV.	Ταυτα δ’ εστιν ’ίδια των εναίμων, καί τοΐς 30 μεν άπανθ’ υπάρχει, τοΐς δ’ ούχ υπάρχει, των δ’ άναίμων ονδεν έχει σπλάγχνον. Δημόκριτος δ’ εοικεν ου καλώς διαλαβεΐν περί αυτών, ε’ίπερ ωηθη διά μικρότητα τών άναίμων ζώων άδηλα είναι ταυτα. σννισταμενων γάρ εύθεως τών εναίμων καί πάμπαν οντων μικρών ενδηλα γίνεται καρδία τε καί 35 ήπαρ· φαίνεται γάρ εν μεν τοΐς ωοΐς ενίοτε τριταίοις 665 b ονσι στιγμής εχοντα μέγεθος, πάμμικρα δε καί εν τοΐς έκβολίμοις τών εμβρύων, έτι δ’ ώσπερ τών εκτός μορίων ου ττάσι τών αυτών χρήσις, άλλ’ εκά-στοις ιδία πεπόρισται πρός τε τούς βίους καί τάς 6 κινήσεις, οΰτω καί τα εντός άλλα πέφυκεν άλλοις.
Τα δε σπλάγχνα τών αιματικών εστιν ίδια, διό καί συνέστηκεν αυτών έκαστον εξ αίματικής ύλης, δήλον δ’ εν τοΐς νεογνοΐς τούτων αίματωδέστερα γάρ καί μέγιστα κατά λόγον διά τό είναι το είδος
0 Limited by Aristotle to blood-like viscera only.
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heart must of necessity be situated in the front place of all, both the larynx and the windpipe, Avhich lead to the lung and the heart, must of necessity be situated in front of the oesophagus which leads merely to the stomach. Speaking generally, unless some greater object interferes, that which is better and more honourable tends to be above rather than below, in front rather than at the back, and on the right side rather than on the left.
We have now spoken of the neck, the oesophagus, and the windpipe, and our next topic is the viscera.
IV. Only blooded animals have viscera.® Some, but internal not all, have a complete set of them. As no blood- blooded less animals have them, Democritus must have been animals. -wrong in his ideas on this point, if he really supposed that the viscera in bloodless creatures arc invisible owing to the smallness of the creatures themselves. Against this we can put the fact that the heart and the liver are visible in blooded animals as soon as they are formed at all, that is, when they are quite small: in eggs they are visible, just about the size of a point, sometimes as early as the third day, and very small ones are visible in aborted embryos. Further, just as each animal is equipped with those external parts which arc necessary to it for its manner of life and its motion, and no two animals require exactly the same ones, so it is with the internal parts : they vary in the various animals.
Viscera, then, are peculiar to the blooded animals, Heart, and that is why each one of the viscera is formed of blood-like material. This is clearly to be seen in the new-born offspring of blooded animals ; in them the viscera are more blood-like, and at their largest in
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της ύλης και το πλήθος εμφανέστατου κατά την ίο ττρωτήν σύστασή, καρδία μεν ουν άπασιν ύπαρχοι τοΐς έναίμοις· δι ήν δ’ αιτίαν, ε’ίρηται και πρότερον. αίμα μεν γάρ έχειν τοΐς έναίμοις δηλον ως άναγ-καΐον, ύγροΰ δ’ οντος του αίματος αναγκαίου αγγείου ύπάρχειν, έφ' δ δη και φαίνεται μεμηχανήσθαι τας φλέβας ή φύσις· αρχήν δε τούτων αναγκαίου 15 είναι μίαν (οπού γάρ ενδέχεται, μίαν βέλτιον η πολλάς), η δέ καρδία των φλεβών αρχή- φαίνονται γάρ εκ ταύτης ονσαι1 και ου διά ταυ της, και η φύσις αυτής φλεβώδης ως ομογενούς οϋσης. εχει και η θέσις αυτής αρχικήν χώραν περί μέσον γάρ, μάλλον δ’ εν τω άνω ή κάτω και έμπροσθεν ή 20 όπισθεν εν τοΐς γάρ τιμιωτέροις το τιμιώτερον καθίδρυκεν ή φύσις, ου μη τι κωλύει μεΐζον. εμφανέστατου δβ τό λεχθέν εστιν hτι των ανθρώπων, βούλεται δε και έν τοΐς άλλοις όμολάγως εν μέσω κεΐσθαι τον αναγκαίου σώματος, τούτου δέ πέρας ή τα περιττώματα αποκρίνεται· τα δέ κώλα 25 πέφυκεν άλλοις άλλoJς, και ούκ έστι των προς το ζην αναγκαίων, διά και άφαιρουμένων ζώσιν δηλον δ’ ως ουδέ προστιθέμενα φθείρει.
Οι δ’ εν τή κεφαλή λέγοντες την αρχήν των φλεβών ούκ όρθώς ύπέλαβον. πρώτον μεν γάρ πολλάς άρχάς και διεσπασμένας2 ποιοϋσιν, εΐτ έν 1 ίονσαι Ζ.	2 δκστταρμίνας ESUYZ.
α The first observer after Aristotle to realize the disparity in the relative sizes of the parts with time was Leonardo da Vinci (a.d. 1452-1518).
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proportion “ : this is because the nature of the material and its bulk are especially obvious at the first stage of a creature’s formation. The heart is present in all blooded animals, and the reason for this has been already stated; It is obviously necessary for all blooded creatures to have blood, and as blood is a fluid, there must of necessity be a vessel to hold it, and it is evidently for this purpose that Nature has contrived the blood-vessels. And these bloodvessels must have a source—one source (one is always better than many where it is possible), and this source is the heart. This is certain, because the blood-vessels come out of the heart and do not pass through it ; and again, the heart is homogeneous and in character identical with the blood-vessels. Furthermore, the place in which it is set is the place of primacy and governance. It is in a central position, and rather in the upper part of the body than the lower, and in front rather than at the back ; Nature always gives the more honourable place to the more honourable part, unless something more important prevents it. Wliat I have just said is seen most clearly in the case of man, yet in other animals the heart tends in a similar way to be in the centre of the “ necessary body,” i.e. the portion of it which is terminated by the vent where the residues are discharged. The limbs vary in the various animals, and cannot be reckoned among the parts that are “ necessary ” for life, \vhich is why animals can lose them and still remain alive ; and obviously they could have limbs added to them without being killed.
Those who suppose that the source of the bloodvessels is in the head are wrong, because : (1) this involves holding that there are many sources,
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so τοττω φυχρώ. Βηλοΐ Βέ Βυσριγος ών, ό Be περί τήν καρΒίαν τουναντίον. ώσπερ δ’ ελέχθη, Βία μεν των άλλων σπλάγχνων Βιέχουσlv αι φλέβες, Βία Be της καρΒίας ου Βιατείνει φλέφ- οθεν καί Βήλον οτι μόριον καί αρχή των φλ€βών εστιν η καρΒία. καί τοΰτ ενλόγως· μέσον γάρ το τής καρΒίας έστί 35 σώμα πυκνόν καί κοΐλον πεφυκός, en Be πλήpeς 666 a αίματος ως των φλeβώv έντεΰθεν ήργμόνων, κοΐλον μεν προς τήν ύποΒοχήν τοΰ αίματος, πυκνόν Be προς τό φυλάσσειν τήν άρχήν τής θερμότητος. εν ταυτη γάρ μόνη των σπλάγχνων και τοΰ σώματος 6 αίμα άνευ φλεβών έστι, των Β* άλλων μορίων έκαστον εν ταΐς φλεφίν εχει τό αίμα, και τοΰτ ευ-λόγως- εκ τής καρΒίας γάρ εποχετευεται [και]1 εις τάς φλέβας, εις Βε τήν καρΒίαν ούκ άλλοθεν αντη γάρ εστιν αρχή καί πηγή τοΰ αίματος ή ύποΒοχή πρώτη. εκ τών ανατομών Βε κατάΒηλα μά/έλον ίο ταΰτα, και εκ τών γενεσεων ευθέως γάρ εστιν εναιμος πρώτη γινομένη τών μορίων απάντων, ότι δ’ αι κινήσεις τών ήΒέων καί τών λυπηρών καί ολως πάσης αίσθήσεως εντεύθεν άρχόμεναι φαίνονται καί προς ταυτην περαίνουσαι. οΰτω Β’ εχει καί κατά τον λόγον, αρχήν γάρ είναι Βει μίαν, όπου ΐό ένΒέχεταί' ευφυέστατος Βέ τών τόπων ό μέσος, εν γάρ τό μέσον καί επί παν εφικτόν ομοίως ή παρα-πλησίως. ετι δ’ έπεί ούτε τών άναίμων ουθέν 1 καί οιη. Ζ.
° Or “traverse.” The connotation of this term seems to vary. 230
PARTS OF ANIMALS. III. iv.
scattered about ; and (2) it involves placing them in a cold region (its intolerance of cold proves this). The region round the heart, on the other hand, is warm. And (3) as has been said already, the bloodvessels run all through a the other viscera, whereas none passes through the heart ; which clearly shows that the heart forms part of the blood-vessels and is their source. Which is reasonable enough : since the centre of the heart is a body of dense and hollow structure, and this is full of blood : it is hollow to form a receptacle for the blood ; dense to guard the source of heat ; and the store of blood is obviously there because that is the starting-point of the bloodvessels. In none other of the viscera and in no other part of the body is there blood and yet no bloodvessels ; in each of the other parts the blood is contained in blood-vessels. And this too is reasonable, as the blood is conveyed and conducted away from the heart into the blood-vessels, whereas none is thus conveyed into the heart from elsewhere, for the heart is itself the source and spring of the blood, or the first receptacle of it. All this, however, is more clearly brought out in Dissections and Formative Processes, where it .shown that the heart is the first of all the parts to be formed and has blood in it straightway. Further, all motions of sensation, including those produced by what is pleasant and painful, undoubtedly begin in the heart and have their final ending there. This is in accord λυϊϊΙι reason ; since, -wherever possible, there must be one source only ; and the best situation for that is the centre, because there is only one centre, and the centre is equally (or nearly equally) accessible from every direction. Again, as every bloodless part, and the
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αισθητικόν οΰτ€ το αΐμα, δήλον ως το πρώτον εχον ως iv άγγείω δ’ εχον άναγκαΐον είναι την αρχήν.
Ου μόνον 8ε κατά τον λόγον ούτως όχειν φαίνεται, 20 αλλά και κατά την αΐσθησιν. εν γάρ τοΐς εμβρυοις εύθεως ή καρδία φαίνεται κινούμενη των μορίων καθάπερ ει ζώον, ως αρχή τής φυσεως τοΐς εναιμοις ουσα. μαρτύριον δε των είρημενων και το πάσι τοΐς εναιμοις ύπάρχειν αυτήν άναγκαΐον γάρ αύτοΐς εχειν την αρχήν του αίματος, υπάρχει δε και τό 25 ήπαρ πάσι τοΐς εναιμοις· ἀλλ’ οίιθεις αν άζιώσειεν αυτό αρχήν είναι οϋτε του όλου σώματος ούτε του αίματος· κεΐται γάρ ούδαμώς προς άρχοειδή θεσιν, εχει δ* ώσπερ άντίζυγον εν τοΐς μάλιστ άπηκριβω-μενοις τον σπλήνα, ετι δ* υποδοχήν αίματος ούκ 30 εχει εν εαυτω καθάπερ ή καρδία, άλλ’ ώσπερ τά λοιπά εν φλεβί. ετι δέ τείνει δι* αυτού φλεφ, δι*1 εκείνης δ’ ονδεμία* πασών γάρ τών φλεβών εκ τής καρδίας αι άρχαι. επει οΰν ανάγκη μεν θάτερον τούτων αρχήν είναι, μή εστι δε τό ήπαρ, ανάγκη τήν καρδίαν είναι καί του αίματος αρχήν, τό μεν S5 γάρ ζώον αίσθήσει ώρισται, αισθητικόν δε πρώτον τό πρώτον εναιμον, τοιοϋτον δ’ ή καρδία· και γάρ 666 b αρχή τού αίματος και εναιμον πρώτον.
Έστι δ’ αυτής τό άκρον όζύ και στερεώτερον, 1 δι’ Th.: ΐξ vulg.; mox εκείνον EUYZ.
° Cor primum vivens ultimum moriens : cf. De gen. an. 741 b 15 if., and Ebstein & al., Mitt. z. Gesch. der Medizin u. Naturw., 1920, 19, 102, 219, 305.	6 See 655 b 29, n.
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blood itself as well, is without sensation, it is clear that the part where the blood is present first, and which holds it as in a receptacle, must of necessity be the source.
This reasoning is supported by the evidence of the senses. In embryos, as soon as they are formed, the heart can be seen moving before any of the other parts, just like a living creature a ; which shows that it is the source of their nature in all blooded animals. Another piece of evidence to support this is that all blooded creatures have a hec-irt : -why ? because they are bound to have a source for their blood. All blooded creatures, it is true, have a liver too ; but no one would care to maintain that the liver is the source either of the blood or of the whole body, because it is nowhere near the place of primacy and governance, and, also, in the most highly finished 6 animals it has something to counterbalance it, as it were, viz. the spleen. Again, the liver has no receptacle for blood in itself as the heart has : like the rest of the viscera, it keeps its blood in a blood-vessel. Again, a blood-vessel runs all through it, -whereas no blood-vessel runs through the heart : all blood-vessels have their source from the heart and begin there. Since, therefore, of necessity the source must be one of these two, the heart or the liver, and as it is not the liver, it must of necessity be the heart which is the source of the blood just as it is of the rest. An animal is defined by the fact that it possesses sensation : and the part of the body to have sensation first is the part that has blood in it first—in other words, the heart, which is the source of the blood and the first part to have it.
The apex of the heart is sharp and more solid than
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κεΐται 8e προς τω στηθεί και όλως εν τοΐς πρόσθεν του σώματος προς το μη καταφύχεσθαι αυτό* πάσι 5 γάρ άσαρκότερον τό στήθος, τα 8ε πρανή σαρκω-Βεστερα, Βιό πολλήν εχει σκεπήν τό θερμόν κατά, τον νώτον. εστι δ’ ή καρΒία τοΐς μεν άλλοις ζώοις κατά μέσον του στηθικού τόπου, τοΐς Β’ άνθρώποις μικρόν εις τα εύώνυμα παρεκκλίνουσα προς τό άνισοΰν την κατάφυξιν των αριστερών μάλιστα γάρ ίο των άλλων ζώων άνθρωπος εχει κατεφυγμενα τα αριστερά, ότι 8ε και εν τοΐς ίχθύσιν ομοίως η καρΒία κεΐται, πρότερον εΐρηται, και Βιότι φαίνεται άνομοίως. εχει 8ε προς την κεφαλήν τό όζύ- εστι δ’ αυτή τό πρόσθεν, επί ταύτην γάρ ή κίνησις.
’Έχει 8ε καί νεύρων πλήθος ή καρΒία, και τοΰτ 15 εύλόγως· από ταύτης γάρ αι κινήσεις, περαίνονται 8ε διά τον ελκειν καί άνιεναι· Βει ούν τοιαύτης υπηρεσίας καί ισχύος. ή Βε καρΒία, καθάπερ είπομεν καί πρότερον, οΐον ζώόν τι πεφυκεν εν τοΐς εχουσιν.
’Έστι δ’ άνόστεος πάντων όσα καί ημείς τεθεά-μεθα, πλήν των ίππων καί γένους τινός βοών 20 τούτοις Βε διά τό μεγεθος οΐον ερείσματος χάριν όστοΰν υπ εστι, καθάπερ καί τοΐς όλοις σώμασιν.
Κοιλία? δ’ εχουσιν αι μεν τών μεγάλων ζώων τρεις, αι Βε τών ελασσονών Βύο, μίαν 8e πάσαι· δι’ ήν δ’ αιτίαν, εΐρηται. Βει γάρ είναι τόπον τινα τής
° At De respir. 478 b 3. And see the next note. b Instead of towards the breast. The meaning of this passage is made clear by Hist. An. 507 a 2 ff. In all animals, says Aristotle, the “ apex ” of the heart points forwards, and in most animals “ forwards ” is towards the breast. Fishes £40
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the rest, and it lies towards the breast, and altogether in the fore part of the body so as to prevent it from getting cooled : for in all animals the breast has comparatively little flesh on it, while the back is well supplied and so gives the heat of the body ample protection on that side. In animals other than man the heart is in the centre of the region of the breast; in man it inclines slightly to the left side so as to counteract the cooling there, for in man the left side is much colder than in other creatures. I have said already that the placing of the heart is the same in fishes as in other animals, though it appears to be different, together with the reasonsα for the apparent difference. In fishes its apex is turned to-Avards the head b ; but in them the head is “ forwards,” because the head is in the line of direction in which they move.
The heart has in it an abundance of sinews, which is reasonable enough, as the motions of the body have their origin there ; and as these are performed by contraction and relaxation, the heart needs the sinews to serve it and to give it strength. We have said already that the heart is like a living creature inside the body that contains it.
In all cases that we have examined the heart is boneless, except in horses and a certain kind of ox. In these, owing to its great size, the heart has a bone for a support, just as the whole body is supported by bones.
In the large animals, the heart has three cavities, in the smaller ones, two only; and in no species has it less than one. The reason for this has been given : there
appear to be an exception to this rule, but only because in them “ forwards ” is towards the head.
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καρΒίας καί υποδοχήν τοΰ πρώτου αίματος, (ὅτι 25 Be πρώτον εν τή καρδία γίνεται το αίμα, πολλάκις εΐρήκαμεν) Βία Be1 το τάς αρχηγούς φλέβας δύο elναι, την τ€ μ€γάλην καλού μένην καί την αορτήν, έκατέρας δ’2 οϋσης αρχής των φλεβών, καί δι αφοράς έχουσών, περί ών ϋστ€ρον εροΰμεν, βέλτιον καί τάς άρχάς αυτών κεχωρίσθαι* τούτο δ’ αν είη 30 Βιφυονς οντος τοΰ αίματος καί κεχωρισμένου. Βιόπερ ev οΐς ενδέχεται, δύ’ elalv ύποδοχαί. ενδέχεται S’ ev τ οΐς μεγάλοις· τούτων γάρ έχουσι καί αι καρΒίαι μέγεθος. έτι Be βέλτιον τρεις elvai τάς κοιλίας, όπως ή μία αρχή κοινή· τό 8e μέσον και περιττόν αρχή· ώστε μ€γέθους Βει μeίζovoς ανταΐς 35 dei, Βιόπερ αι μέγισται τρεί'ς έχουσι μόναι.
667 a Τούτων Be πλeΐστov μέν αίμα καί θepμότaτov ’έχονσιν αι Βεξιαί (διό καί των μερών θερμότερα τα δεξιά), έλάχιστον δε καί φνχρότερον αι άριστεραί, μέσον δ’ αι μέσαι τω πλήθει καί θερμότητι, καθα-ρώτατον Βέ· Βει γάρ την αρχήν ότι μάλιστ' ήρεμεΐν, 5 τοιαύτη δ’ αν είη καθαρον τοΰ αίματος οντος, τέυ πλήθει Be καί θερμότητι μέσου.
"Εχουσι Se καί Βιάρθρωσίν τινα αι καρΒίαι παρα-πλησίαν ταΐς ραφαΐς. ούκ είσί Βέ συναφείς ως τινος εκ πλειόνων συνθέτου, αλλά καθάπερ είπομεν, διαρθρώσει μάλλον, εισί δε των μέν αισθητικών ίο άρθρωδέστεραι, τών Βέ νωθροτέρων άναρθρότεραι,
1 διὰ δε ESUYZ: διὰ vulff.
2	δ’ Peck : γάρ vulg., om. Ogle.
242
PARTS OF ANIMALS, III. iv.
must be some place in the heart which will be a receptacle for the blood when first formed. (As we have stated several times, blood is first formed in the heart.) Now there are two chief blood-vessels, the so-called Great Blood-vessel, and the Aorta ; each of these is the source of other blood-vessels; and the two differ from each other (this will be discussed later); hence it is better for them to have separate sources. This result can be obtained by having two separate supplies of blood, and thus we find two receptacles wherever this is possible, as in the larger animals which of course have large hearts. But it is better still to have three cavities, and then there is an odd one in the middle which can be a common source for the other two ; since, however, this requires the heart to be particularly large, only the very-largest hearts have three cavities.
Of these cavities it is the right-hand one which contains the most blood and the hottest (that is why the right side of the body is hotter than the left) ; the left-hand cavity contains least blood, and it is colder. The blood" in the middle cavity is intermediate both in amount and heat, although it is the purest of them all ; this is because the source must remain as calm as possible, and this is secured when the blood is pure, and intermediate in its amount and heat.
The heart has also a sort of articulation, which resembles the sutures of the skull. By this I do not mean to say that the heart is a composite thing, consisting of several parts joined together, but an articulated whole, as I said. This articulation is more distinct in animals whose sensation is keen, and less distinct in the duller ones, such as swine. There are
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καθάπερ αι τών ύών. αι δέ διαφοραί της καρδία? κατά μέγεθος τε και μικρότητα και σκληρότητα τε και μαλακότητα τείνονσί πη και προς τα ηθη· τα μεν γάρ αναίσθητα σκληρόν έχει την καρδίαν και 15 πυκνήν, τα δ’ αισθητικά μαλακωτέραν, και τα μεν μεγάλας έχοντα τάς καρδίας δειλά, τα δ’ ελάσσους καί μέσας θαρραλεώτερα (τό γάρ συμβαίνον πάθος υπ ο του φοβεΐσθα ι προϋπάρχει τουτοις διά το μη άνάλογον έχειν τό θερμόν τη καρδία, μικρόν δ’ ον εν μεγάλοις άμαυροϋσθαι, καί τό αίμα φυχρότερον 20 είναι). μεγάλας δε τάς καρδίας έχουσι λαγώς, ελαφος, μΰς, ύαινα, ονος, πάρδαλις,1 γαλή, καί τάλλα σχεδόν πάνθ’ όσα φανερώς δειλά η διά φόβον κακούργα.
Τίαραπλησίως δέ καί επί των φλεβών καί επί των κοιλιών έχει· φυχραί γάρ αι μεγάλαι φλέβες 25 καί κοιλίαι. ώσπερ γάρ εν μικρώ καί εν μεγάλω οίκηματι τό ίσον πυρ ησσον εν τοΐς μείζοσι θερμαίνει, οϋτω καν τουτοις τό θερμόν αγγεία γάρ καί η φλέφ καί η κοιλία, έτι δ’ αι άλλότριαι κινήσεις έκαστον τών θερμών καταφόχουσιν, εν δέ ταΐς εύρυχωρεστέραις τό πνεύμα πλεΐον καί ενισχύει 30 μάλλον διό τών μεγαλοκοιλίων ούδέν ουδέ τών μεγαλοφλέβων πΐόν έστι κατά σάρκα, αλλά πάντα η τα πλεΐστα τών τοιούτων άδηλόφλεβα καί μικρο-κοίλια φαίνεται.
Μὅνον δε τών σπλάγχνων καί όλως τών εν τώ 1 πάρδαλι?] δορκαλίς Platt.
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other differences in the heart ; some hearts are large, some small, some are hard, some soft ; and these tend by some means to influence the creature’s temperament. Illustrations of this are :	animals
whose powers of sensation are small have hearts that are hard and dense, those -whose sensation is keen have softer ones ; and those with large hearts are cowardly, those with small or moderate-sized ones, courageous (this is because in the former class the affection which is normally produced by fear is present to begin with," as their heat is not proportionate to the size of their heart, but is small and therefore hardly noticeable in the enormous space that it occupies ; so that their blood is comparatively cold). The following creatures have large hearts : the hare, the deer, the mouse, the hyena, the ass, the leopard, the marten, and practically all other animals Avhose cowardice is either outright or else betrayed by their mischievous behaviour.
Similar conditions obtain in the blood-vessels and the cavities of the heart : if they are large, they are cold. The effect of the same-sized fire is less in a large room than in a small one ; and the same applies to the heat in these receptacles, the blood-vessels and the cavities. Further, extraneous motions have a cooling· effect upon hot things ; and the more roomy a receptacle is, the greater the amount of air (or pneuma) in it and the stronger its effect. Thus we find that no animal which has large cavities or large blood-vessels has fat flesh, and conversely, that all (or most) fat animals have indistinguishable blood-vessels and small cavities.
The heart is the only one of the viscera—indeed
« Cf. 650 b 27. See also 692 a 20.
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σώματι μορίων ή καρδία χαλεπόν πάθος ούδέν υποφέρει, καί tout’ ευλόγως- φθειρόμενης γάρ τής 35 αρχής ούκ εστιν εξ ου γένοιτ αν βοήθεια τοΐς 667 b άλλοις εκ ταύτης ήρτημένοις. σημείον δβ του μηθέν έπιδέχεσθαι πάθος την καρδίαν το εν μηΒενι των θυόμενων ιερείων ώφθαι τοιοΰτον πάθος περί αυτήν ώσπερ επί των άλλων σπλάγχνων, οι τε γάρ νεφροί πολλάκις φαίνονται λίθων μεστοί καί 5 φυμάτων καί Βοθιήνων καί το ήπαρ, ωσαύτως δε και ο πλεύμων, μάλιστα δ’ ο οπλήν, πολλά δε καί έτερα παθήματα συμβαίνοντα περί αυτά φαίνεται, ήκιστα Βέ του μεν πλεύμόνος περί την αρτηρίαν, του δ’ ήπατος περί την συναφιν τή μεγάλη φλεβί, ίο καί τοΰτ εύλόγως· ταύτη γάρ μάλιστα κοινωνοΰσι τη καρΒία. όσα Βέ διά νόσον καί τοιαυτα πάθη φαίνεται τελευτώντα των ζώων, τούτοις άνατεμνο-μενοις φαίνεται περί την καρδίαν νοσώδη πάθη.
Και περί μεν τής καρΒίας, ποια τις, καί τίνος ένεκεν καί διά τίν αιτίαν υπάρχει τοΐς έχουσιν, τοσαΰτ είρήσθω.
15 V. 'Επόμενον δ’ αν είη περί των φλεβών είπεΐν, τής τε μεγάλης καί τής αορτής· αΰται γάρ εκ τής καρΒίας πρώται δέχονται το αίμα, αι Βέ λοιπαί τούτων άποφυάδες είσίν. ότι μέν οδν του αίματος χάριν είσί, πρότερον εΐρηται· τό τε γάρ ύγρόν άπαν 20 αγγείου Βεΐται, καί τό φλεβών γένος άγγεΐον, τό δ’ 21G
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the only part in the whole body—which cannot withstand any serious affection. This is readily understood : the other parts depend upon the heart, and when this source itself is ailing, there is no place whence they can obtain succour. A proof that the heart cannot put up with any affection is this : Never has the heart in a sacrificial victim been observed to be affected in the way that the other viscera sometimes are. Very often the kidneys are found to be full of stones, growths, and small abscesses ; so is the liver, and the lung, and especially the spleen. Many other affections are observed in these organs ; but in the lung they occur least often in that portion which is nearest the windpipe, and in the liver in that portion which is nearest its junction with the Great Blood-vessel. This is readily understood: those are the places where they are most closely in communication with the heart.
Those animals, however, -which die as the result of disease, and affections such as I have mentioned, when cut open are seen to have diseased affections of the heart.
We have now spoken of the heart : we have said what its nature is, what purpose it serves, and why it is present ; and that λνΐΐΐ suffice.
V.	I suppose that the next subject for us to discuss Blood· is the Blood-vessels, that is, the Great Blood-vessel vessels' and the Aorta. It is these into which the blood goes first after it leaves the heart, and the other blood-vessels are merely branches from these. We have already said that these blood-vessels are present for the sake of the blood : fluid substances always need a receptacle, and the blood-vessels generally are the receptacles which hold the blood. We may
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αίμα έν ταύταις· διότι. δε δύο και από μιας αρχής καθ' άπαν το σώμα διατείνουσι, λέγωμεν.
Του μεν ούν εις μίαν αρχήν συντελεΐν και από μιας αίτιον τό μίαν έχειν πάντα την αισθητικήν φνχην ένεργεία, ώστε καί τό μόριον εν τό τ αυτήν εχον πρώτως (εν μεν τοΐς έναίμοις κατά δύναμιν •25 καί κατ’ ενέργειαν, των δ’ άναίμων ενιοις κατ ενέργειαν μόνον), διό καί την τού θερμού αρχήν άναγκαΐον εν τω αύτώ τόπω είναι· αϋτη δ’ έστίν αιτία καί τω αΐματι της υγρότητος καί της θερ-μότητος. διά μεν ονν τό έν ένί είναι μορίω την αισθητικήν αρχήν καί την της θερμότητος καί ή 30 του αίματος από μιας έστίν αρχής, διά την τού αίματος ενότητα καί η των φλεβών από μιας.
Διίο δ’ εισί διά τό τα σώματα είναι διμερή τών έναίμων καί πορευτικών εν πάσι γάρ τοντοις διώρισται τό έμπροσθεν καί τό όπισθεν καί τό δεξιόν καί τό αριστερόν καί τό άνω καί τό κάτω. 35 όσω δε τιμιώτερον καί ηγεμονικώτερον τό έμ-668 a προσθεν του όπισθεν, τοσούτω καί ή μεγάλη φλέφ της αορτής· ή μεν γάρ έν τοΐς έμπροσθεν, η δ’ εν τοΐς όπισθεν κεΐται, καί την μεν άπαντ έχει τα έναιμα φανερώς, την δ’ εν ι α μεν άμυδρώς ενια δ’ άφανώς.
Τοΰ δ’ εις τό παν διαδεδόσθαι τό σώμα τάς δ φλέβας αίτιον τό παντός είναι του σώματος ύλην τό αίμα, τοΐς δ' άναίμοις τό άνάλογον, ταΰτα δ’ έν
248
α And potentially many ; cf. 682 a 4 ff.
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now go on to explain -why there are two of these bloodvessels, why they begin from a single source, and why they extend all over the body.
The reason why finally they both coincide in one source and also begin from one source is this. The sensory Soul is, in all animals, one actually; therefore the part which primarily contains this Soul is also one (one potentially as well as actually in the blooded animals, but in some of the bloodless animals it is only actually one °), and for this reason the source of heat also must of necessity be in the selfsame place. But this concerns the blood, for this source is the cause of the blood’s heat and fluidity. Thus we see that because the source of sensation and the source of heat are in one and the same part, the blood must origiruate from one source too ; and because there is this one origin of the blood, the blood-vessels also must originate from one source.
The blood-vessels are, however, two in number, because the bodies of the blooded creatures that move about are bilateral : we can distinguish in all of them front and back, right and left, upper and lower. And just as the fore part is more honourable and more suited to rule than the back part, so is the Great Blood-vessel pre-eminent over the Aorta. The Great Blood-vessel lies in front, while the Aorta is at the back. All blooded creatures have a Great Bloodvessel, plainly visible ; but in some of them the Aorta is indistinct and in others it cannot be detected.
The reason why the blood-vessels are distributed all over the body is that blood (and in bloodless creatures, its counterpart) is the material out of which the whole body is constructed, and bloodvessels (and their counterparts) are the channels in
24-9
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φλεβί καί τω άνάλογον κεΐσθαι. πώς μεν ουν τρέφεται τα ζώα και έκ τίνος και τινα τροπον άναλαμβάνουσιν έκ της κοιλίας εν τοϊς περί γενε-σεως λόγοις μάλλον αρμόζει σκοπεΐν και λέγειν. ίο [Σννισταμένων δέ τών μορίων εκ του αίματος, καθάπερ εϊπομεν, εύλόγως η τών φλεβών ρυσις διά παντός του σώματος πέφυκεν δει γάρ και το αίμα διά παντός και παρά παν είναι, είπερ τών μορίων έκαστον εκ τούτου συνέστηκεν.]1
’Έοικε δ’ ώσπερ εν τε τοΐς κήποις αι ύδραγωγίαι 15 κατασκευάζονται από μιας αρχής και πηγης εις πολλούς οχετούς και άλλους αει προς το παντη μεταδιδόναι, και εν ταΐς οίκοδομίαις παρά πάσαν την τών θεμελίων υπογραφήν λίθοι παραβέβληνται, διά το τα μεν κηπευόμενα φύεσθαι εκ του ϋδατος* τούς δέ θεμελίους έκ τών λίθων οίκοδομεΐσθαι, τον 20 αυτόν τρόπον και η φύσις τό αίμα διά παντός ώχέτευκε του σώματος, επειδή παντός ύλη πέφυκε τοΰτο. γίνεται δέ κατάδηλον έν τοΐς μάλιστα κατα-λελεπτυσμένοις· ούθέν γάρ άλλο φαίνεται παρά τάς φλέβας, καθάπερ έπι τών άμπελίνων τε και σύκινων 25 φύλλων και όσ’ άλλα τοιαΰτα· και γάρ τούτων αύαινομένων2 φλέβες λείπονται μόνον. τούτων δ’ αίτιον οτι τό αίμα καί τό άνάλογον τού τω δυνάμει σώμα και σάρξ η τό άνάλογον έστιν καθάπερ ουν
1 11. 10-13, quae praecedentia II. 4-7 repetunt, secludenda.
2	αύαινομένων attice Bekker.
° This seems to be an unnecessary repetition of the last sentence but one.
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which this material is carried. As regards the manner in which animals are nourished, the source of the nourishment, and the processes by which they take it up from the stomach, it is more appropriate to consider these subjects and to discuss them in the treatise on Generation.
[But since the parts of the body are composed out of blood, as has been said, it is easy to see why the course of the blood-vessels passes throughout the whole body. The blood must be everywhere in the body and everywhere at hand if every one of the parts is constructed out of it.] α
The system of blood-vessels in the body may be compared to those water-courses which are constructed in gardens : they start from one source, or spring, and branch off into numerous channels, and then into still more, and so on progressively, so as to carry a supply to every part of the garden. And again, when a house is being built, supplies of stones are placed all alongside the lines of the foundations. These things are done because (a) water is the material out of which the plants in the garden grow, and (b) stones are the material out of which the foundations are built. In the same way, Nature has provided for the irrigation of the whole body with blood, because blood is the material out of which it is all made. This becomes evident in cases of severe emaciation, when nothing is to be seen but the blood-vessels : just as the leaves of vines and fig-trees and similar plants, when they wither, leave behind nothing but the veins. The explanation of this is that the blood (or its counterpart) is, potentially, the body (that is, flesh.—or its counterpart). Thus, just as in the irrigation system the ι	251
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668 a »	-	»	/	c /	,
εν ταΐς οχετειαις αι μεγισται των τάφρων δια-μένουσιν, αι δ’ έλάχισται πρώται καί ταχέως υπό της ίλυος αφανίζονται, πάλιν δ’ έκλειπουσης 30 φανεραί γίνονται, τον αυτόν τρόπον και των φλεβών αι μεν μέγισται διαμένουσιν, αι δ’ έλάχισται γίνονται σάρκες ενεργεία, δυνάμει δ’ etatv οόδέν ησσον φλέβες, διό και σωζομένων των σαρκών καθ’ ότιοΰν αΐμα ρεί διαιρουμένων καίτοι άνευ μεν φλεβός ούκ εστιν αΐμα, φλέβιον1 δ’ ουδεν δήλον, 35 ώσπερ ουδ’ ίν τοΐς όχετοΐς αι τάφροι πριν η την 668 b ίλύν έξαιρεθήναι.
Έ/c μειζόνων δ’ εις έλάσσους αι φλέβες cUt προέρχονται έως του γενέσθαι τούς πόρους έλάσσους της του αίματος παχύτητος· δι ών τω μεν αΐματι δίοδος ούκ εστι, τω δε περιττώματι της ύγράς Ικμάδος, ον καλοΰμεν ίδρωτα, καί τούτο 5 διαθερμανθέντος του σώματος και των φλεβίων άναστομωθέντων. ηδη δέ τισιν ίδρώσαι συνέβη αίματώδει περιττώματι διά καχεξίαν, του μεν σώματος ρυάδος καί μανοΰ γενομένου, του δ’ αΐμα τος έξυγρανθέντος δι άπεφίαν, άδυνατουσης της έν τοΐς φλεβίοις θερμότητος πέσσειν δι.’ όλιγότητα. ίο (εΐρηται γάρ ότι παν το κοινόν γης καί νδατος παχυνεται πεσσόμενον, η δέ τροφή καί το αΐμα μικτόν εξ άμφοΐν.) αδυνατεί δε πέσσειν ή θερμότης ου μόνον διά την αυτής όλιγότητα αλλά και διά πλήθος καί υπερβολήν της είσφερομένης τροφής· 1 φλεβίον Bekker.
° Could Aristotle have seen a case of haematoporphyria ? 252
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biggest channels persist whereas the smallest ones quickly get obliterated by the mud, though when the mud abates they reappear ; so in the body the largest blood-vessels persist, while the smallest ones become flesh in actuality, though potentially they are blood-vessels as much as ever before. Accordingly we find that, as long as the flesh is in a sound condition, wherever it is cut, blood will flow ; and although no blood-vessels are visible, they must be there (because we cannot have blood without bloodvessels)—just as the irrigating channels are there right enough, but are not visible until they are cleared of mud.
The blood-vessels get progressively smaller as they go on until their channel is too small for the blood το pass through. But, although the blood cannot get through them, the residue of the fluid moisture, which we call sweat, can do so, and this happens when the body is thoroughly heated and the blood-vessels open Avider at their mouths. In some cases, the sweat consists of a blood-like residue 0 : this is due to a bad general condition, in -which the body has become loose and flabby, and the blood watery owing to insufficient concoction, which in its turn is due to the weakness and scantiness of the heat in the small blood-vessels. (We have already said that all compounds of earth and water are thickened by concoction, and this category includes food and blood.) The heat may, as I say, be in itself too scanty to be able to cause concoction, or it may be that it is scanty in comparison with the amount of food that enters the body, if
See A. E. Garrod, Inborn Errors of Metabolism, Oxford, 1923, pp. 136 ff. Also H. Gunther, Deutsches Archie f. klin. Medizin, 1920, 1ΰ4, PP· 257 ff.
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γίνεται, δέ προς ταύτην ολίγη. ή δ’ υπερβολή 15 δισσή· καί γάρ τω ποσώ και τω ποιώ· ου γαρ παν ομοίως εϋπεπτον. (ρεΐ δε μάλιστα το αίμα κατά τούς εύρυχωρεστάτονς των πόρων διόπερ εκ των μυκτήρων καί των ούλων καί της έδρας, ενίοτε δε καί εκ του στόματος αιμορροΐδες άπονοι γίνονται, καί ούχ ώσπερ εκ της αρτηρίας μετά βίας.)
20 Αιεστώσαι δ’ άνωθεν ή τε μεγάλη φλέφ καί η αορτή, κάτω δ’ εναλλάσσουσαι συνέχουσι το σώμα, προϊοΰσαι γάρ σχίζονται κατά την διφυΐαν των κώλων, καί ή μεν εκ του έμπροσθεν εις τοϋπισθεν προέρχεται, ή δ’ εκ τοΰ όπισθεν εις τοϋμπροσθεν, 25 καί συμβάλλουσιν εις εν ώσπερ γάρ εν τοΐς πλεκο-μενοις εγγίνεται το συνεχές μάλλον, οϋτω καί διά τής των φλεβών εναλλάξ εως συνδεΐται τών σωμάτων τα πρόσθια τοΐς όπισθεν, ομοίως δε καί από τής καρδίας εν τοΐς άνω τόποις συμβαίνει, το δε μετ' ακρίβειας ώς εχουσιν αι φλέβες προς άλλήλας, 30 εκ τε τών ανατομών δει θεωρεΐν καί εκ τής ζωικής ιστορίας.
Καί περί μεν φλεβών καί καρδίας είρήσθω, περί δέ τών άλλων σπλάγχνων σκεπτέον κατά την αυτήν μέθοδον.
VI.	ΙΙλεύμονα μεν οΰν έχει διά τό πεζόν εΐναί τι γένος τών ζώων, άναγκαΐον μεν γάρ γίνεσθαι τω S5 θερμώ κατάφυζιν, ταύτης δέ δεΐται θύραθεν τα 669 a εναιμα τών ζώων θερμότερα γάρ. τα δέ μη έναιμα
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this is excessive ; and this excess may be due either to the quantity of it or (since some substances are less patient of concoction than others) to its quality. (Haemorrhage occurs most where the passages are widest, as from the nostrils, the gums and the fundament, and occasionally from the mouth. At these places it is not painful ; when, however, it occurs from the windpipe, it is violent.)
The Great Blood-vessel a and the Aorta, which in the upper part are some distance from cacli other, lower down change sides, ;md thus hold the body compact. That is to say, λυΗοπ they reach the place where the legs diverge, they divide into two, and the Great Blood-vessel goes over to the back from the front, and the Aorta to the front from the back; and thus they unite the body together, for this changing over of the blood-vessels binds together the front and the back of the body just as the crossing of the strands in plaiting or twining makes the material hold together more stoutly. A similar thing occurs in the upper part of the body, where the blood-vessels that lead from the heart are interchanged. For an exact description of the relative disposition of the blood-vessels, the treatises on Anatomy and the Researches upon Animals b should be consulted.
We have now finished our discussion of the heart and the blood-vessels, and we must go on to consider the remaining viscera on the same lines.
VI.	First the Lung. The reason why any group of Lung, animals possesses a lung is because they are land-creatures. It is necessary to have some means for cooling tlie heat of the body ; and blooded animals are so hot that this cooling must come from outside
255
ARISTOTLE
καί τω συμφύτω πνευματι δυναται καταφυχειν. ανάγκη δε καταφυχειν έξωθεν η ϋδατι η αέρι, διόπερ των μεν Ιχθύων ούδείς εχει πλεύμονα, άλλ’ αντί τούτον βράγχια, καθάπερ ε’ίρηται εν τοΐς περί 5 αναπνοής· νδατι γάρ ποιείται την κατάφυξιν τα δ’ άναπνεοντα τω άερι, διόπερ πάντα τα ανα-πνέοντα εχει πλεύμονα. άναπνεΐ δε τα μεν πεζά πάντα, ενια δε και των ένυδρων, οΐον φάλαινα και δελφίς και τα άναφυσώντα κήτη πάντα· πολλά γάρ ίο των ζώων επαμφοτερίζει την φυσιν, καί των τε πεζών καί τον αέρα δεχόμενων διά την τον σώματος κράσιν εν ύγρω διατελεΐ τον πλεϊστον χρόνον, και των εν τω ύγρω μετέχει τοσοΰτον ενια τής πεζής φύσε ως ώστ εν τω πνευματι αυτών είναι το τέλος του ζήν.
Τοΰ δ’ άναπνεΐν 6 πλευμων οργανόν έστι, την μεν 15 αρχήν τής κινήσεως έχων από τής καρδίας, ποιών δ' ευρυχωρίαν τή είσόδω του πνεύματος διά την αύτοϋ σομφότητα καί τό μέγεθος· αιρομένου μεν γάρ είσρεΐ τό πνεύμα, σννιοντος δ’ εξέρχεται πάλιν, τό δε προς την άλσιν είναι τον πλεύμονα τής καρδίας ούκ εΐρηται καλώς- εν άνθρώπω τε γάρ συμ-20 βαίνει μόνον ώς είπεΐν τό τής πηδήσεως διά τό μόνον έν ελπίδι γίνεσθαι καί προσδοκία του μέλλοντος, απέχει τ’ έν τοΐς πλείστοις πολύν τόπον καί κεΐται την θέσιν ανωτέρω τού πλευμονος, ώστε μηδέν συμβάλλεσθαι τον πλεύμονα προς την άλσιν τής καρδίας.
διαφέρει δ’ 6 πλευμων πολύ τοΐς ζωοις. τα μεν
° See above, on 659 b 17.	6 476 a 6.
c See above, on 650 b 19 ff.
d This view is expressed by Timaeus in Plato’s Timaeus, 70c. 256
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them, though the bloodless ones can do their own cooling by means of the connate pneuma.a Now external cooling must be effected either by water or by air. This explains why none of the fishes has a lung. They are water-cooled, and instead of a lung they have gills (see the treatise on Respiration).b Animals that breathe, on the other hand, are aircooled, and so they all have a lung. All land-animals breathe ; so do some of the water-animals (e.g. the whale, the dolphin, and all the spouting cetacea). This is not surprising, for many animals are intermediate between the two :	some that are land-
animals and breathe spend most of their time in the water owing to the blend c in their bodies ; and some of the water-animals partake of the nature of land-animals to such an extent that the limiting condition of life for them lies in their breath.
Now the organ of breathing is the lung. It has its source of motion in the heart, and it affords a wide space for the breath to come into because it is large and spongy : when the lung rises up, the breath rushes in, and when it contracts the breath goes out again. The theoryd that the lung is provided as a cushion for the throbbings of the heart is not correct. This leaping of the heart is practically not found except in man, and that is because man is the only animal that has hope and expectation of the future. Besides, in most animals the heart is a long way off from the lung and lies Avell above it, and so the lung cannot be of any assistance in absorbing the throbbings of the heart.e
There are many differences in the lung. Some *
* In quadrupeds the lung is above the heart, but not in man, owing to the difference of posture.
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25 γαρ εναιμον έχει καί μέγαν, τα δ’ έλάττω καί σομφόν, τα μεν ζωοτόκα διά την θερμότητα της φύσε ως μείζω καί πολύαιμον, τα δ’ ωοτόκα ξηρόν καί μικρόν, δυνάμενον 8e μεγάλα διίστασθαι εν τω έμφυσάσθαι, ώσπερ τα τετράποδα μεν ωοτόκα δε 30 των πεζών, οΐον οι τε σαΰροι και αι χελοναι και παν το τοιοΰτον γένος, ετι 8ε προς τοντοις η των πτηνών φύσις και καλούμενων ορνίθων, πάντων γαρ τούτων σομφός ό πλευμων καί όμοιος άφρώ-και γό,ρ ό άφρός εκ πολλοΰ μικρός γίνεται σνγχεό-μενος, καί ό τούτων πλεύμων μικρός καί υμενώδης. 35 διό καί άδιφα καί όλιγόποτα ταντα πάντα, και δύναται πολνν εν τω υγρώ άνέχεσθαι χρόνον άτε γαρ ολίγον έχοντα θερμόν ίκανώς επί πολύν χρόνον 689 b καταφνχεται υπ’ αυτής της του πλεύμονος κινη-σεως, οντος αερώδους καί κενοΰ.1
(Συμβεβηκε 8ε καί τα μεγέθη τούτων ελάττω των ζώων ως έπίπαν είπεΐν το γαρ θερμόν αυξητικόν, η 8έ πολυαιμία θερμότητος σημεΖον. ετι δ’ ορθοί 5 τα σώματα μάλλον, 8ιόπερ άνθρωπος μεν τών άλλων όρθότατον, τα 8έ ζωοτόκα τών άλλων τετραπόδων ούδέν γαρ ομοίως τρωγλοδυτεΐ τών ζωοτόκον, οὅτ’ άπουν ούτε πεζεΰον.)
σΟλως μεν οΰν ό πλευμων εστίν αναπνοής χάριν, άναιμος 8ε καί τοιοΰτος γένους τινός ένεκεν ζώων ίο <χλλ’ ανώνυμον τό κοινόν επ’ αυτών, καί ούχ ώσπερ 1 Sitos . . . κενοΰ Thurot: ονετης . . . κενψ vulg.
° Cf. 653 a 30 if.
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animals have a large lung, which contains blood ; others a small one and spongy. In the Vivipara it is large and has much blood in it because these creatures have a hot nature : in the Ovipara it is dry and small, but it can expand to a great size when inflated : examples of these are : among land-animals, the oviparous quadrupeds like the lizards, tortoises, and all such creatures, and in addition to these the tribe of winged things, the birds. All these have a spongy lung, which, like froth, runs together and contracts from a large volume into a small one. So it counts as small ; and also it is membranous. As a result, all these creatures are not much subject to thirst, and drink but little ; and also they can bear to remain a long time under the water : this is because their heat is scanty and can therefore be sufficiently cooled over a long period by the mere motion of the lung, which is void and air-like.
(Consequently, one may add, in general these creatures are smaller in size than the majority of animals, as growth is promoted by heat, and a plentiful supply of blood is a sign that heat is present. Furthermore, heat tends to make the body upright,'1 which explains why man is the most upright among the animals and the Yivipara the most upright among· the quadrupeds. And there are no viviparous creatures, either with or without feet, so fond of creeping into holes as the Ovipara are.)
The lung, then, is present for the sake of the breathing : this is its function alwaysJ Sometimes, to serve the purpose of a particular group, it is bloodless, and such as has been described above. There is no common name which is applied to all animals that have lungs. But there ought to be : because
ι 2	259
ARISTOTLE
6 όρνις ώνόμασται επί τινος γένους, διό ώσπερ το ορνίθι είναι εκ τινός έστι, και εκείνων εν τή ουσία υπάρχει το πλέα μονά εχειν.
VII. Δοκει δε των σπλάγχνων τα μεν είναι μονοφυή, καθάπερ καρδία και πλεύμων, τα δε 15 διφυή, καθάπερ νεφροί, τα δ’ άπορεΐται ποτέρως έχει. φανείη γάρ αν επαμφοτερίζειν τουτοις το ήπαρ και ό σπλήν και γάρ ως μονοφυές εκάτερον, και ως άνθ’ ενός δυο παραπλησίαν εχοντα τήν φύσιν. εστι δε πάντα διφυά. τό δ’ αίτιον ή του σώματος διάστασις διφυής μεν ουσα, προς μίαν δε 20 συντελούσα αρχήν το μεν γάρ άνω και κάτω, το δ’ έμπροσθεν καί όπισθεν, τό δε δεξιόν και αριστερόν εστιν. διόπερ και ό εγκέφαλος βούλεται διμερής είναι πάσι καί των αισθητηρίων έκαστον. κατα τον αυτόν δε λόγον ή καρδία ταΐς κοιλίαις. ο δε πλευμων εν γε1 τοϊς ωοτόκοις τοσοΰτον διέστηκεν 25 ώστε δοκείν δυ’ εχειν αυτά πλευμονας. οι δε νεφροι και παντί δήλοι· κατά δε τό ήπαρ και τον σπλήνα δικαίως αν τις άπορήσειεν. τούτου δ’ αίτιον ότι έν μεν τοΐς εξ ανάγκης εχουσι σπλήνα δόξειεν αν οΐον νόθον είναι ήπαρ ό σπλήν, έν δέ τοΐς μη εξ ανάγκης έχουσιν, αλλά πάμμικρον ώσπερ 30 σημείου χάριν, εναργώς διμερές τό ήπάρ εστιν, καί τό μέν (μεΐζον}2 εις τα δεξιά, τό δ’ έλαττον εις τά-ριστερά βούλεται τήν θέσιν εχειν. ου μήν αλλά και έν τοΐς ωοτόκοις ήττον μέν ή έπι τούτων φανερόν, ένίοις δε [κάκεΐ ώσπερ εν τισι]3 ζωοτόκοις επιδηλως διέστηκεν, οΐον κατά τινας τόπους οι δασύποδες δυο 1 γε Peck: τε vulg. 2 μ^Ιζον conieceram ; maiorpars Σ.
3 seclusi: ώσπερ εν τισι οπι. ΕΥ : κακείνων coni. Th.
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the possession of a lung is one of their essential characteristics, just as there are certain characteristics which are included in the essence of a “ bird,” the name which is applied to another such class.
VII.	Some of the viscera appear to be single why the {e.g. the heart and the lung) ; others double aJe double. {e.g. the kidneys) ; and some it is difficult to place under either heading. The liver and the spleen apparently are intermediate ; they can be considered either as each being a single organ, or else as two organs taking the place of one and having a similar character. In fact, however, all of them are double.
And the reason for this is that the structure of the body is double, though its halves are combined under one source. We have upper and lower halves, front and back halves, right and left halves. Thus even the brain as well as each of the sense-organs tends in all animals to be double ; so does the heart—it has cavities. In the Ovipara the lung is so much divided that they appear to have two lungs. The kidneys are obviously double ; but there is fair room for hesitation about the liver and spleen. This is be- Liver and cause in those animals λνΐιϊοΐι of necessity have a spleen' spleen, the spleen looks rather like a bastard liver, while in those which have a spleen though not of necessity—i.e. a very small one, as it were by λναγ of a token—the liver is patently double, and the larger part of it tends to lie towards the right, the smaller towards the left. Still, there are cases even among the Ovipara where this division is less distinct than in those just described, while in some Vivipara the division is unmistakable—e.g. in some districts
2C1
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35 δοκοΰσιν ήπατ όχειν, καθάπερ των ιχθύων ετεροί τε τινες καί οι σελαχώδεις.
670 a Διά δε τό την θεσιν εχειν τό ήπαρ εν τοΐς δεξιοΐς μάλλον ή τον σπληνός γεγονε φύσις, ώστ άναγ-καΐον μεν πως, μη λίαν δ’ είναι πάσι τοΐς ζώοις.
Του μεν οΰν διφυή την φυσιν είναι των σπλάγχνων αίτιον, ώσπερ εΐπομεν, τό δή’ είναι τό δεξιόν 5 και τό αριστερόν εκάτερον γάρ ζητεί τό όμοιον, ώσπερ και αυτό, βούλεται παραπλησίαν και διδνμην όχειν την φυσιν, και καθάπερ1 εκείνα δίδυμα μεν, συνήρτηται δ’ εις εν, και των σπλάγχνων ομοίως έκαστον.
Έστι 5e σπλάγχνα τα κάτω του νποζώματος κοινή μεν πάντα των φλεβών χάριν, δπως ουσαι ίο μετέωροι μένω σ ι τω τούτων συνδεσμω προς τό σώμα, καθάπερ άγκυραι γαρ βεβληνται προς τό σώμα δια τών αποτεταμένων μορίων άπο μεν της μεγάλης φλεβός προς το ήπαρ καί τον σπλήνα, τούτων γαρ τών σπλάγχνων ή φύσις οίον ήλοι προς τό σώμα προσλαμβάνουσιν αυτήν, εις μεν τα 15 πλάγια τοΰ σώματος τό θ' ήπαρ καί ό σπλην την φλέβα την μεγάλην (από ταότης γαρ είς αύτα μόνον διατείνουσι φλεβες), είς δε τα όπισθεν οι νεφροι. προς δ’ εκείνους ου μόνον από τής μεγάλης φλεβός άλλα καί από τής αορτής τείνει φλεφ εις εκάτερον.
Ύαΰτα δη συμβαίνει δια τούτων τή σνστασει 20 τών ζώων καί τό μεν ήπαρ και ο σπλην βοηθεΐ προς την πεφιν τής τροφής (εναιμα γαρ όντα θερ-
1 και καθάπερ ΡΖ: καί οιη. vulg.
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hares appear to have a couple of livers ; so do certain fishes, especially the cartilaginous ones.0
The spleen owes its existence to the liver being placed somewhat over to the right-hand side of the body : this makes the spleen a necessity in a way, though not an urgent one, for all animals.
Thus, the reason why the viscera are double in their formation is, as we have said, that the body is two-sided, having right and left. Each of the two aims at similarity, just as the sides themselves strive to have a similar nature, and to be tas like as twins ; and just as the sides, though dual, are conjoined together into a unity, so also it is with the several viscera.
The viscera which are below the diaphragm are all of them present for the sake of the blood-vessels, in order that the latter may have freedom of carriage and at the same time be attached to the body by means of the viscera, which act as a bond. Indeed, there are, as it were, anchor-lines thrown out to the body through the extended parts : e.g. from the Great Blood-vessel to the liver and to the spleen, for these viscera act, as it were, like rivets and fasten it to the body; that is to say, the liver and the spleen fasten the Great Blood-vessel to the sides of the body (since blood-vessels pass to them from it alone), while the kidneys fasten it to the rear parts. And to the kidneys—to each of them—there is a blood-vessel passing not only from the Great Blood-vessel but also from the Aorta.
These advantages, then, accrue to the animal organism from the lower viscera. Liver and spleen also assist in the concoction of the food, since they both
Sharks, etc.
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μην έχει την φυσιν), οι δέ νεφροί ττ ροζ το περίττωμα το εις την κυστιν άποκρινόμενον.
Καρδία μεν ουν καί ήπαρ πάσιν αναγκαία τοΐζ ζώοις, η μεν διά την της θερμότητας αρχήν (δεΐ γάρ 25 είναι τινα οΐον εστίαν, ev fj κείσεται της φύσεως το ζωπυροΰν, και τοΰτο εύφυλακτον, ώσπερ άκρόπολις ουσα του σώματος), το δ’ ήπαρ της πεφεως χάριν, πάντα 8ε 8εΐται τα εναιμα 8υοΐν τουτοιν, 8ιόπερ έχει πάντα τα εναιμα διίο τἀ σπλάγχνα ταΰτα1· οσα 30 δ’ άναπνεΐ, καί πλεύμονα τρίτον.
Ό δε σπλην κατά συμβεβηκος εζ ανάγκης υπάρχει τοΐς εχουσιν, ώσπερ και τα περιττώματα, τό τ εν τη κοιλία καί τό περί την κυστιν. διόπερ εν τισιν εκλείπει κατά το μέγεθος, ώσπερ των τε πτερωτών ενίοις, ὅσα θέρμην εχει την κοιλίαν, οΐον 670 b περιστερά, ίεραζ, Ικτίνος, καί επί των ωοτόκων δε καί τετραπό8ων ομοίως (μικρόν γάρ παμπαν εχουσιν), καί πολλοΐς των λεπιδωτών άπερ και κυστιν ούκ έχει διά το τρέπεσθαι το περίττωμα διά μανών τών σαρκών εις πτερά καί λεπίδας. 6 γάρ 5 σπλην άντισπα εκ της κοιλίας τάς ικμάδας τάς περιττευουσας, καί δύναται συμπέττειν αιματώδης ών. αν δε το περίττωμα πλεΐον η η ολιγόθερμος 6 σπλην, νοσακερά γίνεται πλήρης2 (ουσα)* τροφής· καί διά την ενταύθα παλίρροιαν της ύγρότητος πολλοΐς αι κοιλίαι σκληραί γίνονται σπληνιώσιν, ωσ-ιο περ τοΐς λίαν ούρητικοΐς, διά το άντιπερισπάσθαι
1	ταΰτα Ρ : ταΰτα μόνον vulg.
2	πλήρης ΕΥΖ : πλήρη vulg.
3 <οδοα> Peck.
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have blood in them and so are hot. The kidneys assist in connexion with the residue which is excreted into the bladder.
Now the heart and the liver are necessary to all animals. The heart is necessary because there must be a source of heat : there must be, as it were, a hearth, where that which kindles the whole organism shall reside ; and this part must be well guarded, being as it were the citadel of the body. The liver is necessary for the sake of effecting concoction. All blooded creatures must have these two viscera, and that is why these two are always present in them.
A third, the lung, is present in those animals that breathe.
But the spleen, where present, is present of necessity spleen, in the sense of being an incidental concomitant, as are the residues in the stomach and in the bladder.
So in some animals the spleen is deficient in size, as in certain birds which have a hot stomach, e.g. the pigeon, the hawk, and the kite ; the same applies to the oviparous quadrupeds (all of these have an extremely small spleen) and to many of the scaly creatures. These animals just mentioned also lack a bladder, because their flesh is porous enough to enable the residues formed to pass through it and produce feathers and scales. For the spleen draws off the residual humours from the stomach and in virtue of its blood-like nature can assist in the concoction of them. If, however, the residue is too bulky or the spleen has too little heat, the stomach gets full of nourishment and becomes diseased.
And in many cases, when the spleen is ailing, the stomach becomes hardened owing to the fluid which runs back into it. This happens with
265
ARISTOTLE
τάς υγρότητας. οΐς δε ολίγη περίττωσις γίνεται, καθάπερ τ οΐς όρνεοις και τ οΐς ίχθύσι, τα μεν ον μεγαν εχει, τα 8ε σημείου χάριν. και εν τοΐς τετράποσι δε τοΐς ωοτόκοις μικρός και στιφρός και νεφρώδης ο σπλήν εστι διά τό τον πλευμονα σομφόν 15 είναι και όλιγοποτεΐν καί τό περιγινόμενον περίττωμα τρεπεσθαι εις τό σώμα καί τάς φολίδας, ώσπερ εις τα πτερά τοΐς όρνισιν.
Έν δε τοΐς κυστιν εχουσι καί τον πλενμονα εναιμον υγρός εστι διά τε την είρημενην αιτίαν καί διά τό την φνσιν την των αριστερών όλως ύγρο-20 τέραν είναι καί φυχροτεραν. διήρηται γάρ των εναντίων έκαστον προς την συγγενή συστοιχίαν, οιον δεξιόν εναντίον άριστερώ καί θερμόν εναντίον φτυχρώ· καί σύστοιχα γάρ ά)\λήλοις είσί τον είρη-μενον τρόπον.
Οι δε νεφροί τοΐς εχουσιν ούκ εξ ανάγκης αλλά τον εδ καί καλώς ενεκεν ύπάρχουσιν της γάρ 25 περιττώσεως χάριν τής εις την κυστιν αθροιζόμενης είσί κατά την ιδίαν φυσιν, εν οσοις πλεΐον υπό-στημα γίνεται τό τοιοντον, όπως βελτιον αποδίδω ή κυστις τό αυτής εργον.
Έπει δε τής αυτής ενεκα χρείας τους τε νεφρούς συμβεβηκεν εχειν τα ζώα καί την κυστιν, λεκτεον so περί κυστεως νυν, ύπερβάντας τον εφεξής τών μορίων αριθμόν περί γάρ φρενών ούδε'ν πω δι- * 6
0 The reference to the “ columns ” or “ double list ” is not clear. There was a Pythagorean συστοιχία; this and other συστοιχίαι are mentioned in Ross’s note on his translation of Met. 9S6 a 23.
6 i.e. left and cold are both in the same column ; right and hot are both in the other column.
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those who make \vater excessively : the fluids are drawn back again into the stomach. But in animals where the amount of residue produced is small, as in birds and fishes, the spleen is either small or present simply by way of a token. In the oviparous quadrupeds, too, the spleen is small and compact, and like a kidney, because the lung is spongy and the animals drink little, and also because the residue which is produced is applied for the benefit of the body itself and of the scaly plates which cover it, just as in birds it is applied for the benefit of the feathers.
In those animals, however, which possess a bladder, and whose lung contains blood, the spleen is watery. The reason already given partly explains this. Another is that the left side of the body is generally more watery and colder than the right. As we know, the opposites are divided up into two columns,0 so that each is classed -with those that are akin to it, e.g. right is in the opposite column to left, and hot to cold; and thus some of them stand together in the same column, as I have just indicated.6
Kidneys are present in some animals, but not of necessity ; they are present to serve a good purpose ; that is to say, their particular nature enables them to cope with the residue which collects in the bladder, in those cases where this deposit is somewhat abundant, and to help the bladder to perform its function better.
Since the bladder is present in animals to serve precisely the same purpose as the kidneys, we must now say something about it. This will involve a departure from the serial order in which the parts actually come, for we have said nothing so far about
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670b	,	„	,,	,	%	w
ωρισται, τούτο οε τι των περί τα σπλάγχνα μορίων
ἐστίν.
VIII.	Κάστιν δ* ου πάντ εχει τα ζώα, ἀλλ’ εοικεν η φύσις βουλομενη άποδιδόναι τοΐς εχουσι 671 a τον πλεύμονα εναιμον μόνον, τούτοις δ’ εύλόγως. δια γάρ την ύπεροχην της φύσεως, ην εχουσιν εν τω μορίω τούτω, διφητικά τε ταΰτ* εστι μάλιστα των ζωων, και δεΐται τροφής ου μόνον της ζηράς άλλα και της ύγράς πλείονος, ωστ εξ ανάγκης και • 5 περίττωμα γίνεσθαι πλεΐον καί μη τοσοΰτον μόνον όσον υπό της κοιλίας πεττεσθαι καί εκκρίνεσθαι μετά του ταύτης περιττώματος, ανάγκη τοίνυν εΐναί τι δεκτικόν καί τούτου του περιττώματος, διόπερ όσα πλεύμονα εχει τοιοΰτον, άπαντ* εχει κύστιν όσα δε μη τοιοΰτον, άλλ’ η όλιγόποτά εστι ίο διά το πλεύμονα εχειν σομφόν, η όλως τό υγρόν προσφερεται ου ποτού χάριν άλλα τροφής, οΐον τα έντομα καί οι ιχθύες, ετι δε πτερωτά εστιν η λεπιδωτά η φολιδωτά, ταΰτα δι' ολιγότητά τε της του ύγροΰ προσφοράς καί διά τό τρεπεσθαι εις ταΰτα τό περιγινόμενον του περιττώματος ούδεν 15 όχει τούτων κύστιν, πλην αι χελώναι των φολιδωτών, καί ενταΰθ’ η φύσις κεκολόβωται μόνον αίτιον δ* ότι αι μεν θαλάττιαι σαρκώδη καί εναιμον εχουσι τον πλεύμονα καί όμοιον τω βοείω, αι δε χερσαΐαι μείζω η κατά λόγον, ετι δε διά τό οστρακώδες 20 καί πυκνόν είναι τό περίεχον ου διαπνε'οντος του ύγροΰ διά μανών τών σαρκών, οΐον τοΐς ορνισι καί τοΐς οφεσι καί τοΐς άλλοις τοΐς φολιδωτοΐς, ύπό-268
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the diaphragm, though this is one of the parts that are near the viscera.
VIII.	The bladder is not present in all animals : Bladder. Nature seems to have intended only those animals which have blood in their lung to have a bladder.
And this is quite reasonable, when we remember that such animals have an excess of the natural substance which constitutes the lung, and are therefore more subject to thirst than any others ; i.e. they need a larger amount of fluid food as well tas of the ordinary solid food, and the necessary result of this is that a larger amount of residue also is produced, too large in fact for all of it to be concocted by the stomach and excreted with its own proper residue ; hence it is necessary to have some part that will receive this additional residue. This shows us why all animals which have blood in their lung possess a bladder too. As for those whose lung is spongy and which therefore drink little, or which take fluids not as something to drink but as food {e.g. insects and fishes), or which are covered with feathers or scales or scaly plates, not one of these has a bladder, owing to the small amount of fluid which they take and owing to the fact that the surplus residue goes to form feathers or scales or scaly plates, as the particular case may be. Exceptions to this are the Tortoises : though scaly-plated they have a bladder.
In them the natural formation has simply been stunted. The cause of this is that in the sea-varieties the lung is fleshy and contains blood, and is similar to the lung of the ox ; while in the land-varieties it is disproportionately large. And whereas in birds and snakes and the other scaly-plated creatures the moisture exhales through the porous flesh, in these it
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στάσις γίνεται τοσαύτη ώστε δεΐσθαι την φύσιν αυτών όχειν τι μόριον δεκτικόν και αγγειώδες. κύστιν μεν οΰν ταΰτα μόνον των τοιούτων εχει διά 25 ταντην την αιτίαν, η μεν θαλαττία μεγάλην, αι he χέρσαΐαι μικρόν πάμπαν.
IX.	'Ομοίως δ’ εχει και 7τερί νεφρών, ούδε γάρ νεφρούς ούτε τών πτερωτών και λεπιδωτών ούδεν εχει ούτε τών φολιδωτών, πλην αι θαλάττιαι χελώναι και αι χερσαΐαι· ἀλλ’ ως της εις τούς so νεφρούς τεταγμενης σαρκός ούκ εχούσης χώραν αλλά διεσπαρμένης εις πολλά, πλατέα νεφροειδή εν ενίοις τών ορνίθων εστίν. η δ’ εμύς ούτε κύστιν ούτε νεφρούς εχει· διά την μαλακότητα γάρ τοΰ χελωνιού εύδιάπνονν γίνεται το υγρόν, η μεν οΰν εμύς διά ταύτην την αιτίαν ούκ εχει τών μορίων ούδετερον· τοΐς δ’ άλλοις ζώοις τοΐς εχουσιν εν-35 αιμον, ώσπερ εΐρηται, τον πλεύμονα πάσι συμ-671 b βεβηκεν εχειν νεφρούς. καταχρήται γάρ η φύσις άμα τών τε φλεβών χάριν καί προς την τοΰ ύγροΰ περιττώματος εκκρισιν φερει γάρ εις αυτούς πόρος εκ της μεγάλης φλεβός.
Έχουσι δ’ οι νεφροί πάντες κοΐλον, η πλεΐον η S ελαττον, πλην οι τής φώκης· ούτοι δ’ όμοιοι τοΐς βοείοις όντες στερεώτατοι πάντων είσίν. όμοιοι δε καί οι τοΰ ανθρώπου τοΐς βοείοις- είσι γάρ ώσπερ συγκείμενοι εκ πολλών νεφρών μικρών και ούχ όμαλεΐς, ώσπερ οι τών προβάτων καί τών άλλων τών τετραπόδων. διά καί το άρρώστημα τοΐς
« Greek, “ hemys.” This description, which does not fit
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cannot do so, because the integument which surrounds them is dense, like a shell ; and so the excretion is produced in such quantities that the Tortoises need some part which shall act as a vessel to receive it. That, then, is why they are the only animals of the kind which have a bladder. In the sea-tortoise it is large, in the land-tortoise quite small.
IX.	Much the same may be said of the kidneys as of the bladder. Kidneys are not present in any of the animals that have feathers or scales or scaly plates, except the two sorts of tortoises just mentioned. In some birds, however, there arc flat kidney-shaped objects, as if the flesh that was allotted to form the kidneys had found no room for its proper function and had been scattered to form several organs. The Emys a has neither bladder nor kidneys : this is because it has a soft shell wliicli allows the moisture to transpire freely through it. But, as I said before, all the other animals whose lung contains blood have kidneys, since Nature makes use of them for two purposes : (1) to subserve the blood-vessels ; and (2) to excrete the fluid residue. (A channel leads into them from the Great Blood-vessel.)
There is always a hollow (lumen), varying in size, in the kidneys, except in the seal, whose kidneys are more solid than any others and in shape resemble those of the ox. Human kidneys too resemble those of the ox : they are, as it were, made up out of a number of small kidneys,& and have not an even surface like those of the sheep and other quadrupeds. Thus, when once an ailment attacks the human any animal now known as Emys, seems to be that of some freshwater tortoise.
b This is not true of the normal adult, but it is true of the foetus.
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ίο άνθρώποις δυσαπάλλακτος αυτών ἐστιν, αν αιταξ νοσήσωσιν4 συμβαίνει, γάρ ώσπερ πολλούς νεφρούς νοσούντων χαλεπωτεραν είναι, την ΐασιν η των ενα νοσούντω ν.
*0 δ’ από τής φλεβός τείνων πόρος ούκ εις το κοΐλον των νεφρών κατατελευτα, άλλ’ εις το σώμα καταναλίσκεται τών νεφρών διόπερ εν τοΐς κοίλοις 15 αυτών ούκ εγγίνετεα αίμα, ουδέ πήγνυται τελευ-τώντων. εκ δε του κοίλου τών νεφρών φερουσι πόροι άναιμοι εις την κύστιν δύο νεανικοί, εξ εκατερον εις, και άλλοι εκ τής αορτής ισχυροί καί συνεχείς, ταΰτα δ’ εχει τον τρόπον τούτον όπως εκ μεν τής φλεβός το περίττωμα τής ύγρότητος ϊΟ βαδίζη είς τους νεφρούς, εκ δε τών νεφρών ή γινόμενη ύπόστασις διηθούμενων τών υγρών δια τοΰ σώματος τών νεφρών είς το μέσον συρρεη, οΰ το κοΐλον οι πλεΐστοι εχουσιν αυτών (διό καί δυσωδέστατοι’ τούτο τών σπλάγχνων εστιν)' εκ δε τοΰ μέσου δια τούτων τών πόρων είς την κύστιν ήδη 25 μάλλον ως περίττωμα αποκρίνεται, καθώρμισται δ’ ή κύστις εκ τών νεφρών τείνουσι γαρ, ώσπερ εΐρηται, πόροι ισχυροί προς αυτήν.
ΟΙ μεν οΰν νεφροι δια. ταύτας τα,ς αιτίας εισι, και τας δυνάμεις εχουσι τα,ς ειρημενας.
Έν πάσι δε τοΐς εχουσι νεφρούς ό δεξιός ανωτέρω τοΰ άριστεροΰ εστιν διά γαρ το την κινησιν είναι so εκ τών δεξιών καί ίσχυροτεραν διά ταΰτ είναι την
α The ureters.
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kidneys, the trouble is not easily removed, because it is as though the patient had many kidneys diseased and not one only ; and so the cure is more difficult to effect.
The channel which runs from the Great Bloodvessel to the kidneys does not debouch into the hollow part of the kidneys, but the whole of what it supplies is spent upon the body of the kidneys ; thus no blood goes into the hollows, and at death none congeals there. From the hollow part of the kidneys two sturdy channels a lead into the bladder, one from each ; these contain no blood. Other channels come from the Aorta to the kidneys ; these are strong, continuous ones. This arrangement is on purpose to enable the residue from the moisture to pass out of the blood-vessel into the kidneys, and so that when the fluid percolates through the body of the kidneys the excretion that results may collect into the middle of the kidneys, where the hollow is in most cases. (This explains, incidentally, why the kidney is the most ill-scented of all the viscera.) From the middle of the kidney the fluid is passed off through the aforesaid channels into the bladder ; by which time it has practically taken on the character of excremental residue. The bladder is actually moored to the kidneys : as has been stated, there are strong channels extending from them to it.
We have now given the causes for which the kidneys exist, as well as their character and functions.
The right kidney is always higher up than the left. The reason for this is that as motion always begins on the right-hand side, the parts that are on that side are stronger than those on the other ; and owing to this
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φΰσιν την των δεξιών, δει προοδοποιησασθαι διά την κίνησιν προς το άνω ταΰτα1 τα μόρια μάλλον, επει και την όφρύν την δεξιάν αϊρουσι μάλλον και επικεκαμμενην εχουσι της αριστερός μάλλον, και 35 διά τό άνεσπάσθαι άνώτερον τον δεξιάν νεφρον το ήπαρ άπτεται του δεξιού νεφρον εν πάσιν εν τοΐς 672 a δεξιοΐς γάρ το ήπαρ.
"Εχουσι δ’ οι νεφρό ι μάλιστα των σπλάγχνων πιμελήν, εξ ανάγκης μεν διά το διηθεΐσθαι το περίττωμα διά των νεφρών το γάρ λεπτόμενον αίμα καθαρον ον εΰπεπτόν εστι, τίλος δ* εύπεφίας 5 αίματικης πιμελη και στεαρ εστίν. (ώσπερ γάρ εν τοΐς πεπυρωμενοις ξηροΐς, οΐον τη τέφρα, εγκατα-λείπεταί τι πυρ, οντω και εν τοΐς πεπεμμενοις ύγροΐς· εγκαταλείπεται γάρ τι της ειργασμενης θερμότητος μόριον, διόπερ το λιπαρόν κοΰφόν εστι και επιπολάζει εν τοΐς ύγροΐς.) εν αύτοΐς μεν ουν ίο ου γίνεται τοΐς νεφροΐς διά το πυκνόν είναι το σπλάγχνον, εξω δε περιίσταται πιμελη μεν εν τοΐς πιμελώδεσι, στεαρ δ’ εν τοΐς στεατώδεσιν ή δε διαφορά τούτων είρηται πρότερον εν ετεροις.
Έ£ ανάγκης μεν ουν πιμελώδεις γίνονται διά ταύτην την αιτίαν εκ τών συμβαινόντων εξ ανάγκης 15 τοΐς εχουσι νεφρούς, ενεκα δε σωτηρίας και του θέρμην είναι την φΰσιν την τών νεφρών, έσχατοι τε γάρ οντες άλεας δέονται πλείονος· το μεν γαρ νώτον σαρκώδες εστιν, όπως η προβολή τοΐς περί
1 ταΰτα Peck : πάντα vulg.
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motion they are bound to make their way upwards before the ones on the left. Thus people raise the right eyebrow more than the left, and it is more arched. A result of this drawing up of the right kidney is that in all animals the liver, which is on the right side of the body, is in contact with it.
The kidneys contain more fat than any other of the viscera. This is partly a necessary consequence upon the percolation of the residue through the kidneys : in other words, the blood which gets left behind there is easy of concoction because it is pure, and when blood undergoes complete concoction the final products are lard and suet. (A parallel is to be found in the case of solid substances which have undergone combustion : e.g. a certain amount of fire gets left behind in ash. So, in fluid substances which have undergone concoction : some portion of the heat which has been generated remains behind. That is why oily substances are light and come to the top of fluids.) This fat is not formed actually in the kidneys themselves, because they are so dense : it collects outside them. In some it has the form of lard, in others the form of suet, according to the character of the animal. (The difference between the two has been explained already in another connexion.)3
Tliis formation of lard, then, about the kidneys is the necessary consequence upon the conditions which necessarily obtain in animals that possess kidneys. But there is another reason for its formation, and that is, on purpose to safeguard the kidneys themselves and to preserve their natural heat. The kidneys are the outermost of all the viscera, and therefore they need more warmth. Whereas the back is liberally supplied with flesh, which enables it to act as a
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τηΐ' καρδιάν σπλάγχνο ις, η ο οσφυς ασαρκος (άσαρκοι γάρ αι καμπαί πάντων)· αντί σαρκος οΰν 20 η πιμελη πρόβλημα γίνεται τοΐς νεφροΐς. ετι Se διακρίνουσι καί πεττουσι την υγρότητα μάλλον 7τίονες όντες · ro yap λιπαρόν θερμόν, πεττει δ η θερμό της.
Διά ταυτας μεν οΰν τάς αιτίας οι νεφροί πιμελώ-δεις είσίν, ίν πάσι δε τοΐς ζωοις 6 δεξιός άπιμελώ-τερός εστιν. αίτιον δε το την φυσιν ξηράν είναι 25 την των δεξιών καί κινητικωτεραν η δε κίνησις εναντία· τήκει γάρ το πΐον μάλλον.
Τοΐς μεν οΰν άλλοις ζωοις συμφέρει τε τους νεφρούς εχειν πίονας, καί πολλάκις εχουσιν όλους περίπλεως· τό δε πρόβατον όταν τούτο πάθη αποθνήσκει, άλλ’ αν καί πάνυ πίονες ώσιν, όμως so ελλείπει τι, αν μη κατ’ άμφοτερους, άλλα κατά τον δεξιόν.1 αίτιον δε του μόνον η μάλιστα τούτο συμβαίνειν επί των προβάτων, ότι τοΐς μεν πιμε-λώδεσιν υγρόν τό πΐον, ώστ ονχ ομοίως εγκατα-κλειόμενα τα πνεύματα ποιεί τον πόνον, του δε σφακελισμοΰ τουτ’ αίτιόν εστιν διό καί των άν-3S θρώπων τοΐς πονοΰσι τούς νεφρους, καίπερ του πιαί-νεσθαι συμφέροντος, όμως αν λίαν γίνωνται πίονες, όδυναι θανατηφόροι συμβαίνουσιν. των δ’ άλαλων 672 b τοΐς στεατώδεσιν ήττον πυκνόν τό στεαρ η τοΐς προβάτοις. καί τω πλήθει πολύ τα πρόβατα υπερβάλλει■ γίνεται γάρ περίνεφρα τάχιστα των ζώων τα πρόβατα πάντων. εγκατακλειομενης οΰν της ύγρότητος καί των πνευμάτων διά τον σφακελισμόν 1 ὰλλ’ αν .. . δεξιόν post είσίν 1. 23 transponit Thurot. 276
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protection for the viscera about the heart, the loin, in common with all parts that bend, is not so supplied ; and this fat we have been speaking of serves as a safeguard to the kidneys in place of flesh. Further, the kidneys are better able to secrete and to concoct the fluid if they are fat, because fat is hot and heat causes concoction.
These are the reasons why the kidneys are fat. In all animals, however, the right kidney has less fat than the left. This is because the right-hand side is dry and solid and more adapted for motion than the left ; and motion is an enemy to fat, because it tends to melt it.
Now it is an advantage to all animals to have fat kidneys, and often they are completely filled with fat. The sheep is an exception : if this happens to a sheep it dies. But even if the kidneys are as fat as can be, there is always some portion which is clear of fat, if not in both kidneys, at any rate in the right one. The reason why this happens solely (or more especially) to sheep is as follows. Some animals have their fat in the form of lard, which is fluid, and thus the wind cannot so easily get shut up within and cause trouble. When this happens, however, it causes rot. Thus, too, in the case of human beings who suffer from their kidneys, although it is an advantage for them to be fat, yet if they become unduly fat, pains result which prove fatal. As for the animals whose fat is in the form of suet, none has such dense suet as the sheep has ; and moreover, in the sheep the amount of it is much greater ; the fact that they get fat about the kidneys much more quickly than any other animal shows this. So when the moisture and the wind get shut up within, rot is produced, which rapidly kills
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5 αναιρούνται ταχέως· οι α yap τῆ? αορτής και της φλεβός ευθύς άπαντα το πάθος προς την καρδίαν οι δε πόροι συνεχείς άττο τούτων των φλεβών εισι προς τούς νεφρούς.
Περί μεν οΰν τής καρδία? καί πλεύμονος ειρηται, και περί ήπατος και σπληνός και νεφρών. Χ. τυγ-ιο χάνει δε ταΰτα κεχωρισμενα άλλήλων τω διαζώ-ματι. τούτο δε το διάζωμα καλοΰσι τινες φρένα ς' ο διορίζει τον τε πλεύμονα και την καρδίαν. καλείται 8e τούτο το διάζωμα εν τοΐς εναίμοις, ώσπερ και ειρηται, φρενες. εχει δε πάντα τα εναιμα αυτό, καθάπερ καρδίαν καί ήπαρ, τούτου δ’ αίτιον οτ ι is του διορισμού χάριν εστϊ τού τε περί την κοιλίαν τόπου και τού περί την καρδίαν, όπως η τής αισθητικής φνχής αρχή απαθής ή και μη ταχύ καταλαμβάνηται διά τήν άπδ τής τροφής γινομενην άναθυμίασιν καί το πλήθος τής επεισάκτου θερμότητας. επί γάρ τούτο διελαβεν η φύσις, οίον 20 παροικοδόμημα ποιήσασα και φραγμόν τα? φρένα ς, καί διεΐλε το τε τιμιώτερον καί το άτιμότερον εν όσοις ενδεχεται διελεΐν τό άνω καί κάτω· το μεν γάρ άνω εστίν ου ενεκεν καί βελτιον, τό δε κάτω τό τούτου ενεκεν καί άναγκαΐον, τό τής τροφής δεκτικόν.
"Εστι δε τό διάζωμα προς μεν τάς πλευράς 25 σαρκωδεστερον καί ισχυρότερου, κατά μέσον δ’ υμενωδεστερον ούτω γάρ προς τήν ίσχύν καί την τάσιν χρησιμώτερον. διότι δε προς τήν θερμότητα τήν κάτωθεν ο ιον παραφυάδες είσί, σημεΐον εκ τών 278
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the sheep off. The disease makes its way directly to the heart through the Aorta and the Great Bloodvessel, since there are continuous passages leading from these to the kidneys.
We have now spoken of the heart and the lung ; and also of the liver, the spleen and the kidneys.
X.	These two sets of viscera are separated from Diaphragm, each other by the diazoma, -which some call the phrenes (diaphragm). This divides off the heart and the lung. In blooded animals it is called phrenes, as I have said. All blooded creatures have one, just as they all have heart and liver. The reason for this is that the diaphragm serves to divide the part round the stomach from the part round the heart, to ensure that the source of the sensory Soul may be unaffected, and not be quickly overwhelmed by the exhalation that comes up from the food when it is eaten and by the amount of heat introduced into the. system. For this purpose, then, Nature made the division, and constructed the phrenes to be, as it were, a partition-wall and a fence ; and thus, in those creatures where it is possible to divide the upper from the lower, she divided off the nobler ptarts from the less noble ones ; for it is the upper which is “ better,” that for the sake of which the lower exists, while the lower is “ necessary,” existing for the sake of the upper, by acting as a receptacle for the food.
Towards the ribs the diaphragm is fleshier and stronger, v.hile in the middle it is more like a membrane : this makes it more serviceable as regards strength and extensibility. An indication to show why there are, as it were, “ suckers,” to keep off the heat which comes up from below, is provided by
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b/ώ D	t	\ς»\\	/	t\ /
συμβαινοντων όταν yap δια την yeιτνιασιν ελκυ-σωσιν υγρότητα θέρμην καί περιττωματικην, ευθύς so επιδήλως ταράττει την διάνοιαν καί, την αΐσθησιν, διό καί καλούνται φρενες ως μετεχουσαί τι του φρονεΐν. αι δε μετεχουσι μεν ούδεν, εγγύς δ’ ουσαι των μετεχόντων επίδηλον 7τοιοΰσι την μεταβολήν της διανοίας. διό καί λεπταί κατά μέσον ε'ισίν, ου μόνον εξ ανάγκης, ότι σαρκώδεις ουσα? τα 35 προς τάς -πλευράς αναγκαίου είναι σαρκωδεστερας, άλΧ ιν ότι όλιγίστης μετεχωσιν ικμάδος· σαρκώ-673 a δεις γάρ αν ουσαι καί ειχον καί εΐλκον μάλλον ικμάδα πολλην. ότι Βε θερμά ινόμεναι ταχέως επίδηλ ον ποιοΰσι την αΐσθησιν, σημαίνει και το περί τούς γελωτας συμβαΐνον γαργαλιζόμενοί τε γάρ ταχύ γελώσι, διά το την κίνησιν άφικνεΐσθαι 6 ταχύ προς τον τόπον τούτον, θερμαινόμενου1 δ’ ήρεμα ποιεΐν όμως επίδηλον καί κινεΐν την διάνοιαν παρά την προαίρεσιν. του δε γαργαλίζεσθαι μόνον άνθρωπον αίτιον η τε λεπτότης του δέρματος καί το μόνον γελάν των ζώων άνθρωπον. 6 δε γαργαλισμός γελως εστί διά κινησεως2 τοιαύτης ίο του μορίου του περί την μασχάλην.
Συμβαίνειν δε φασι καί περί τάς εν τοις πολεμοις πληγάς εις τον τόπον τον περί τάς φρενας γέλωτα διά την εκ της πληγης γινομενην θερμότητα, τούτο
1 θίρμαινόμενον Peck : θίρμαίνουσι villg.: -ουσα SZ : -ονσαν PUY.	2 κνησΐωζ Langkavel.
° The Risus Sardonicus : see Allbutt and Rolleston, Λ System of Medicine2 (1910), viii. 642.
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what actually happens : whenever, owing to their proximity, they draw up the hot residual fluid, this at once causes a recognizable disturbance of the intelligence and of sensation. And that is why they are called phrenes : as if they took a part in the act of thinking (pkroneiri). This of course they do not do ; but their proximity to those organs which do so take part makes the change of condition in the intelligence recognizable. That, too, is why the phrenes are thin in the middle ; this is not due entirely to necessity (though as they are fleshy to begin with, the parts of them nearest the ribs must of necessity be more fleshy still); there is another reason, which is, to enable them to have as little moisture in them as possible, since if they had been wholly of flesh they would have tended to draw to themselves and to retain a lar<;e quantity of moisture. Another indication that it is when heated that they quickly make the sensation recognizable is afforded by what happens when we laugh. When people are tickled, they quickly burst into laughter, and this is because the motion quickly penetrates to this part, and even though it is only gently warmed, still it produces a movement (independently of the will) in the intelligence which is recognizable. The fact that human beings only are susceptible to tickling is due (1) to the fineness of their skin and (2) to their being the only creatures that laugh. Tickling means, simply, laughter produced in the way I have described by a movement applied to the part around the armpit.
It is said that -when in war men are struck in the part around the diaphragm, they laugh a on account of the heat which arises owing to the blow.
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γάρ μάλλον εστιν αξιόπιστων άκοΰσαι λεγόντων ή το περί την κεφαλήν, ως άποκοπεΐσα φθέγγεται 15 των ανθρώπων, λεγουσι γάρ τινες επαγόμενοι καί τον "Ομηρόν, ως διά τούτο ποιήσαντος
φθεγγομενη δ’ άρα του γε καρη κονιησιν βμίχθη,
ἀλλ’ ου φθεγγομενου. περί δε 'Αρκαδίαν1 ου τω το τοιουτον διεπίστευσαν ώστε και κρισιν εποιη-σαντο περί τινος των εγχωρίων, του γαρ ιερεως 20 του οπ λοσμίου Διδς άποθανόντος, υ φ' οτου δε άδηλου οντος,2 εφασάν τινες άκοΰσαι της κεφαλής άποκεκομμενης λεγουσης πολλάκις
επ' άνδρδς άνδρα Κερκίδάς άπεκτεινεν διδ καί ζητήσαντες ω ονομα ήν εν τω τοπω Κερκίδάς, έκριναν, αδύνατον δε φθεγγεσθαι κεχω-ρισμενης τής αρτηρίας καί άνεν τής εκ του πλεύ-25 μονος κινήσεως. παρά τε τοίς βαρβάροις, παρ οΐς άποτεμνουσι ταχέως τάς κεφαλάς, ούδεν πω τοιοΰτον συμβεβηκεν. ετι δ’ επί των άλλων ζώων διά τίν αιτίαν ου γίνεται; [τό μεν γάρ τοΰ γέλωτος πληγεισών των φρένων εικότως, ούδεν γάρ γελά των άλλων προϊέναι δε ποι τό σώμα τής κεφαλής 80 άφηρημενης ούδεν άλογον, επεί τά γ' άναιμα καί
1	άρκαδίαν Ζ, probat J. Schaefer de Jove apud Cares culto, pp. 370 sq.: Ιναρίον vulg·. : καρ . . αν E : καρ Ρ.
2	δέ άδηλου οντος Pirk : δέ δή άδήλως vulg. : Codd. varia.
a Iliad, x. 457 and Od. xxii. 329. In both places the text of Homer has ψθεγγο/χένου (“ As he spake . . .").
b The Berlin text here reads “ Caria.” but the Oxford ms. Ζ reads “ Arcadia.” A cult of Zeus hoplosmios is attested only for Methydrion, a town in Arcadia, and the name Kerkidas is found in Arcadia, not in Caria. (See A. B· 282
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This may be so ; and those λυΗο assert it are more credible than those who tell the tale of hcnv a man’s head speaks after it is cut off. Sometimes they cite Homer in support, Mho (so they say) was referring to this when he wrote
As it spake, his head was mingled with the dust
(not
As he spake, his head was mingled with the dust.) α In Arcadia b this kind of thing was at one time so firmly believed that one of the inhabitants was actually brought into court on the strength of it. The priest of Zeus hoplosmios had been killed, but no one kneAV who had done it. Certain persons, hcnvever3 affirmed that they had heard the man’s head, after it had been cut off, repeating the following line several times
’Twas Kerkidas did slaughter man on man.
So they set to work and found someone in the district who bore this name and brought him to trial. Of course, speech is impossible once the windpipe has been severed and no motion is forthcoming from the lung. And among the barbarians, where they cut heads off with expedition, nothing of this sort has taken place so far. Besides, why does it not occur with the other animals ? [For (a) the story about the laughter when the diaphragm has been struck is plausible, for none of the others laughs ; and (6) that the body should go forward some distance after the head has been cut off, is not at all absurd, since bloodless animals at any rate actually go on
Cook, Zeus, ii. 290, who gives the evidence, and J. Schaefer, De Jove apud Cares culto, 1912, pp. 370 f.)
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ζή πολύν χρόνον δεδήλωται δε περί τής αίτια? αυτών iv έτερο ι?.]1
Τινος μεν ονν ένεκέν εστιν έκαστον των σπλάγχνων, εΐρηται· γε'γονε δ’ εξ ανάγκης επί τοΐς εντός πέρασι των φλεβών, έξιέναι τε γάρ Ικμάδα άναγ-673 b καΐον, καί ταυτην αίματικήν, εξ ής σννισταμένης καί πηγνυμένης γίνεσθαι το σώμα τών σπλάγχνων διόπερ αίματικά, καί αύτοΐς μεν όμοιαν εχουσι την του σώματος φυσιν, τοΐς δ’ α'λλοις άνομοίαν.
XI.	Πάντα δε τα σπλάγχνα εν νμένι εστιν 6 προβολής τε γάρ δει προς το απαθή είναι, καί
ταντης ελαφράς, ό δ’ ν μην την φυσιν τοιοΰτος· πυκνός μεν γάρ ώστ άποστέγειν, άσαρκος δβ ώστε μη έλκειν μηδ’ εχειν ικμάδα, λεπτός δ’ όπως κουφός η και μηδέν ποιή βάρος, μέγιστοι δε και ισχυρότατοι τών υμένων είσιν οι τε περί την ίο καρδίαν και περί τον εγκέφαλον, ευλόγως· ταϋτα γάρ δεΐται πλείστης φυλακής· ή μεν γάρ φυλακή περί τα κυρία, ταΰτα δε κυρία μάλιστα τής ζωής.
XII.	Εχουσι δ’ ένια μεν τών ζώων πάντα τον αριθμόν αυτών, ένια δ’ ου πάντα· ποια δε ταΰτα και διά τίν αιτίαν, εΐρηται πρότερον, και τών έχοντων
15 δε ταΰτα διαφέρουσιν ου γάρ όμοιας ούτε τάς καρδίας εχουσι πάντα τα έχοντα καρδίαν, ούτε τών άλλων ως ειπεΐν οΰδέν. τό τε γάρ ήπαρ τοΐς μεν πολυσχιδές έστι τοΐς δε μονοφυέστερον, πρώτον 1 codd. edd. varia ; corrupta et inepta seclusi.
284
PARTS OF ANIMALS, III. x.-xii.
living for a long time. The reason for these phenomena has been explained elsewhere.]
We have now said what is the purpose for which each of the viscera is present ; but also they have been formed of necessity at the inner ends of the bloodvessels, because moisture, i.e. moisture of a bloodlike nature, must of necessity make its way out there, and, as it sets and solidifies, form the substance of the viscera. That, too, is why they are blood-like in character, and why the substance of all of them is similar, though different from that of the other parts.
XI.	All the viscera are enclosed in membranes. Membranes. Some covering is needed to ensure their safety, and
it must be a light one. These conditions are fulfilled by a membrane, which is close-textured, thus making a good protection ; does not consist of flesh, and therefore does not draw in moisture or retain it ; is thin, therefore light, and causes no burden. The biggest and strongest membranes are those round the heart and the brain, which is natural enough, as it is always the controlling power -which has to be protected ; therefore the heart and the brain, which have the supreme controlling power over the life of the body, need the most protection.
XII.	Some animals possess a full complement of Variation* viscera, some do not. We have already stated what ‘^cera. animals have less than the full number, and the reason. But also, the same viscera are different in
the various animals that have them. For instance, the heart is not identical in all the animals which have a heart ; nor is any other of the viscera. The liver illustrates this : in some it is split into several parts, in some almost undivided. This variation of form is
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αυτών των εναίμων καί ζωοτόκων' 'ότι δε μάλλον και προς ταΰτα και προς άλληλα διαφέρει τα τε των 20 ιχθύων και (των)1 τετραπόδων και ωοτόκων. το δε των ορνίθων μάλιστα προσεμφερες τω των ζωοτόκων εστιν ψτατι' καθαρόν γαρ καί εναιμον τό χρώμα αυτών εστι καθάπερ κάκείνων. αίτιον δε τό τα σώματα τούτων εύπνούστατα είναι και μη πολλήν όχειν φαύλην περίττωσιν. διόπερ ενια καί 25 ούκ εχει χολήν τών ζωοτόκων· τό γαρ ήπαρ συμβάλλεται πολύ μέρος προς ευκρασίαν του σώματος καί ύγίειαν εν μεν γάρ τω αϊματι μάλιστα τό τούτων τέλος, το δ’ ήπαρ αιματικώτατον μετά την καρδίαν τών σπλάγχνων, τα δε τών τετραπόδων καί ωοτόκων καί τών ιχθύων ενωχρα τών πλείστων, 3ο εν ίων δε καί φαύλα παντελώς, ώσπερ καί τα σώματα φαύλης τετύχηκε κράσεως, οΐον φρύνης καί χελώνης καί τών άλλων τών τοιούτων.
Σπλήνα δ’ εχει τα μεν κερατοφόρα καί δίχαλα στρογγύλον, καθάπερ αίξ καί πρόβατον καί τών άλλων έκαστον, ει μή τι διά μεγεθος εύαυξεστερον 674 a εχει κατά μήκος, οΐον ό του βοός πεπονθεν τα δε πολυσχιδή πάντα μακράν, οΐον ΰς καί άνθρωπος καί κύων, τά δε μώνυχα μεταξύ τούτων καί μικτόν τή μεν γάρ πλατύν εχει τή δε στενόν, οΐον ίππος καί όρεύς καί ονος.
β XIII. Οι) μόνον δε διαφέρει τά σπλάγχνα τής σαρκός τω όγκω του σώματος, αλλά καί τω την2 μεν εξω τά δ’ εσω την θεσιν όχειν. αίτιον δ’ ότι 1 <τὥν> Peck.	2 τήν ESUYZ: τὰ vulg.
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found first of all even among the viviparous blooded animals ; but it is more noticeable among the fishes and oviparous quadrupeds, whose livers differ not only from those of the Vivipara, but also from each other’s. In birds, the liver very closely resembles that of the Vivipara : in both, its colour is pure and blood-like. The reason for which is, that their bodies £ive a very free passage to the breath, which means that they retain very little foul residue; hence, indeed, some of the Vivipara have no gall-bladder, and this is largely due to the very considerable assistance given by the liver in maintaining a good blend0 and healthiness in the body. This is because the purpose which these viscera serve lies chiefly in the blood, and after the heart the liver contains more blood than any other of the viscera. In most of the oviparous quadrupeds and the fishes the liver is yellowish, and in some of them it is altogether bad-looking, on a par Λνΐΐΐι the bad blend of the rest of their bodies. This happens in the toad, the tortoise, and the like.
As for the spleen : In horned animals that have cloven hoofs it is rounded : e.g. in the goat, the sheep, and similar animals ; unless greatness of size has made it grow out at some point lengthways, as in the case of the ox. In all the polydactylous animab the spleen is lone;, as in the pig, in man, and in the dog. In animals with solid hoofs the spleen is intermediate between the two and has the characteristics of both : in one place it is broad, in another narrow, as exemplified in the horse, the mule, and the ass.
XIII.	Now the viscera differ from the flesh not only-in the bulkiness of their mass, but also in their situation, for the flesh is on the outside of the body, while they are inside. The reason for this is that
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την φύσιν εχει κοινωνουσαν τάΐς φλεφί, καί τα μεν των φλεβών χάριν, τα δ’ ούκ άνευ φλεβών εστιν.
XIV. 'Υπό δέ το ύπόζωμα κεΐται η κοιλία τοΐς ίο ζώοις, τοΐς μεν εχουσιν οισοφάγον η τελευτά τούτο τό μόριον, τοΐς δε μη εχουσιν ευθύς προς τω στόματι· της δε κοιλίας εχόμενον το καλούμενου εντερον.
Δι’ ην δ’ αιτίαν εχει ταΰτα τα μόρια των ζώων έκαστον, φανερόν πάσιν. και γαρ δεζασθαι την είσελθοΰσαν τροφήν και την εξικμασμενην άναγ-15 καΐον εκπεμφαι, καί μη τον αυτόν τόπον είναι της τ' άπεπτου και τοΰ περιττώματος, εΐναί τε τινα δεΐ τόπον εν ώ μεταβάλλει, το μεν γάρ την είσελθοΰσαν εξει μόριον, το δε τό περίττωμα το άχρηστον ώσπερ δε χρόνος ετερος εκατερου τούτων, αναγκαίου διειληφθαι και τοΐς τόποις. άλλα περί 20 μεν τούτων εν τοΐς περί την γενεσιν καί την τροφήν οίκειότερός εστιν ό διορισμός· περί δε της διαφοράς της κοιλίας καί των συντελών μορίων νυν επι-σκεπτεον.
Ούτε γαρ τοΐς μεγεθεσιν ούτε τοΐς εΐδεσιν όμοιας εχουσιν άλληλοις τα ζώα· άλλ’ όσα μεν εστιν αυτών άμφώδοντα τών εναίμων καί τών ζωοτόκων, μίαν 25 εχει κοιλίαν, οίον άνθρωπος καί κύων καί λέων καί τάλλα όσα πολυδάκτυλα, καί οσα μώνυχα, οΐον ίππος, όρεύς, ονος, καί όσα δίχαλα μεν άμφώδοντα δε, οίον ΰς, πλην et1 τι διά μέγεθος τοΰ σώματος
1 υσπληξ ή εἴ ESUY (ή om. E) : νσπληξ πλην «Γ Ρ et corr. U: νσπληγξ in ras. et supra και χοίρος Ζ2, tum πλην el Ζ1: vs, el μή Bekker : υς, πλην d μή Buss.
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their nature shares that of the blood-vessels : some of them exist for the sake of the blood-vessels, others do not exist apart from the blood-vessels.
XIV.	Below the diaphragm is the Stomach, which stomach is placed where the oesophagus ends (if there is an “destine: oesophagus ; if not, immediately next to the mouth).
Next after the stomach and continuous with it is what is called the Gut.
It must be obvious to everyone why all animals have these parts. It is a necessity for "them to have some receptacle for the food they take in, and to expel it again when its moisture has been extracted from it ; and there must be two different places for these two things—the unconcocted food and the residue ; there must also be another place in which the change from one to the other is effected. Two receptacles, then, one for the incoming food, one for the residue which is no more use—as there is a separate time for these so there must be a separate place. However, it will be more appropriate to go into these matters in our treatise on Generation and Nutrition.° At the present ve must consider the variations that are to be found in the stomach and its subsidiary parts.
The stomach differs both in size and appearance in different animals. Those of the blooded Vivipara which have front teeth in both jaws have one stomach ; e.g. man, the dog. the lion, and the other polydactyls; so also those that have solid hoofs, e.g. the horse, the mule, the ass ; and those which although they are cloven-hoofed have front teeth in both jaws, e.g. the pig. These rules apply unless the size of the frame and the character of the food
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καί την τής τροφής δύναμιν, οΰσαν ούκ εϋπεπτον 30 ἀλλ’ ακανθώδη και ζυλικήν, εχει πλείους, οΐον κάμηλος, ώσπερ και τα κερατοφόρα· τα γάρ κερατοφόρα ούκ εστιν άμφώδοντα. δια τούτο δε και ή κάμηλος ου των άμφωδόντων εστίν, άκερατος ουσα, διά το άναγκαιότερον είναι αυτή την κοιλίαν εχειν τοιαύτην η τούς προσθίους όδόντας. ώστ 674 b επεί ταύτην όμοίαν εχει τοΐς μη άμφώδουσι, καί τα περί τούς όδόντας ομοίως εχει αύτη, ως ονδεν οντος προεργου. άμα δε καί επεί η τροφή ακανθώδης, την δε γλώτταν ανάγκη σαρκώδη είναι, προς σκληρότητα τού ουρανού κατακεχρηται τω εκ των 5 όδόντων γεώδει η φύσις. και μηρυκάζει δ* η κάμηλος ώσπερ τα κερατοφόρα, διά το τάς κοιλίας όμοιας εχειν τοΐς κερατοφόροις. τούτων δ’ έκαστον πλείους εχει κοιλίας, οΐον πρόβατον, βοΰς, αΐξ, ελαφος, καί τάλλ α τό τοιαύ τα των ζώων, όπως επειδή τής εργασίας ελλείπει περί την τροφήν ή ίο λειτουργία ή τού στόματος διά την ενδειαν των όδόντων, ή των κοιλιών ετερα προς ετερας δεχηταύ την τροφήν, ή μεν άκατεργαστον, ή δε κατειργα-σμενην μάλλον, ή Se πάμπαν, ή δε λείαν, διά τα τοιαΰτα των ζώων πλείους εχει τόπους καί μόρια. 15 καλούνται δε ταΰτα κοιλία καί κεκρύφαλος καί εχΐνος καί ήνυστρον. ον δ’ εχει τρόπον ταύτα προς 1 δϊ'χηται Peck : δαχομίνη Vlllg.
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modify them : for instance, if the food is thorny and woody and therefore not easy to concoct, in which case the animal lias several stomachs, e.g. the camel ; so also have the horned animals, as they have not front teeth in both jaws. Thus also the camel has not the two rows of front teeth either, although it has no horns ; this is because it is more necessary for the camel to have several stomachs than to have all these front teeth. So, as it resembles the animals which lack the upper front teeth in that it has several stomachs, therefore the arrangement of its teeth is that which normally accompanies the multiple stomachs : in other words, it lacks these front teeth, as they would be no use to it. And also, as its food is thorny, and as the tongue has of necessity to be of a fleshy character, Nature has made use of the earthy matter saved from the missing teeth to make the roof of the mouth hard. Again, the camel ruminates as the horned animals do, because it has stomachs that resemble theirs. Every one of the horned animals (such as the sheep, the ox, the goat, the deer, and the like) has several stomachs ; and the purpose of them is this : Since the mouth is deficient in teeth, the service which it performs upon the food is deficient ; and so one stomach after another receives the food, which is quite untreated when it enters the first stomach, more treated in the next, completely treated in the next, and a smooth pulp in the next. And that is why these animals have several such places or parts, the names of which are (1) the paunch (rumen), (2) the net or honeycomb-bag (reticulum), (3) the manyplies (omasum), (4) the reeda (abomasum). For the relation of these to each other ° Or, true stomach, κ 2
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άλληλα τή θέσει καί τοΐς είδεσιν, εκ τε της ιστορίας τής ττερί τα ζώα δεΐ θεωρεΐν καί εκ των ανατομών.
Διά την αυτήν δ’ αιτίαν και το τών ορνίθων γένος εχει διαφοράν περί τό τής τροφής δεκτικόν 20 μόριον, έπεί γάρ ουδέ ταΰτα δλως την του στόματος άποδίδωσι λειτουργίαν (άΐ'Ψδοΐ'τα γάρ) και οΰθ’ ω διαιρήσει ου θ' ω λεανεΐ την τροφήν έχουσι, διά τούτο τα μεν προ τής κοιλίας εχουσι τον καλού μεν ον πρόλοβον αντί τής τοΰ στόματος εργασίας, οι δε τον οισοφάγον πλατύν, ή προ τής κοιλίας 25 αύτοΰ μέρος τι ογκώδες έν ω προθησαυρίζουσι τήν ακατέργαστου τροφήν, ή τής κοιλίας αυτής τι έπανεστηκός, οι δ’ αυτήν τήν κοιλίαν ίσχυράν καί σαρκώδη προς το δννασθαι πολύν χρόνον θησαυρί-ζειν και πέττειν άλείαντον οΰσαν τήν τροφήν τή δυνάμει γάρ και τή θερμότητι τής κοιλίας ή φύσις 80 αναλαμβάνει τήν τοΰ στόματος ένδειαν. είσ'ι δέ τινες οι τούτων ούδεν έχουσιν, αλλά τον πρόλοβον1 μακράν, δσα μακροσκελή και έλεια, διά τήν τής τροφής υγρότητα. αίτιον δ’ οτι ή τροφή πάσι τουτοις εύλέαντος, ώστε συμβαίνειν διά ταΰτα τών τοιουτων τάς κοιλίας είναι ύγράς [διά τήν άπεφίαν καί τήν τροφήν].2
675 a Το δέ τών ιχθύων γένος έχει μεν ο’δοντας, τούτους δέ καρχαρόδοντας σχεδόν ως είπεΐν πάντες3· ολίγον γάρ τί έστι γένος τό μή τοιοΰτον, οΐον 6 καλούμενος σκάρος, ος δή καί δοκεΐ μηρυκάζειν
1 πρόλοβον] στόμαχον Ogle, collato Hist. An. 509 a 9.
2 secludenda.
3	πάντες Ogle : πάντα? vulg.
e At 507 a 36 ff.	6 The gizzard.
e Ogle reads “ oesophagus.”
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as regards position and appearance, the Researches upon Animals ° and the treatises on Anatomy should be consulted.
The same reason as has just been described accounts for the difference which presents itself in birds in the part which receives the food. Birds, like the other animals, do not get the full service from the mouth in dealing with the food—since they have no teeth at all, and they have nothing with which to bite up or grind down the food ; and so some of them have, before the stomach, what is called the crop, to perform the work instead of the mouth. Others have a broad oesophagus ; or their oesophagus has a bulge in it, just before it reaches the stomach, in which they keep a preliminary store of untreated food ; or some part of the stomach itself sticks out. Others have a strong and fleshy stomach6 which is thus able to store the food up for a long period and to concoct it although it has not been ground ιίολνη ; thus Nature makes up for the deficiency of the mouth by means not only of the heat of the stomach but also by its special character. Other birds have none of these devices, but a long crop,c because their food is moist: these are the long-legged marsh birds. The reason for this is that the food which all of these take is easily ground down, and the result is that the stomachs of birds of this sort are moist [owing to the unconcocted and moist state of the food].
The tribe of fishes have teeth : practically all have saw-teeth. There is one small group to which this does not apply, e.g. the Scams,d as it is called, and it seems reasonable to suppose that this is why
d The parrot-fish ; see above, 662 a 7.
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5 εύλόγως διά ταντα μόνος’ και γάρ τα μη άμφώ-δοντα κερατοφόρα 8e μηρυκάζει, όζεις δε πάντας εχονσιν, ώστε διελεΐν μεν δύνανται, φαύλως δε δι-ελεΐν ενδιατρίβειν γαρ ονχ οΐόν τε χρονίζοντας· διο-περ ουδέ πλατείς εχονσιν όδόντας, οήδ’ ενδέχεται λεαίνειν μάτην αν οΰν εΐχον. ετι δε στόμαχον ίο οι μεν όλως ούκ εχονσιν, οι δε βραχύν. άλλα προς την βοήθειαν τής πεφεως οι μεν ορνιθώδεις εχουσι τάς κοιλίας και σαρκώδεις, οΐον κεστρεύς, οι δε πολλοί παρά την κοιλίαν άποφνάδας πυκνας, ιν εν ταυταις ώσπερ εν προλακκίοις θησαυρίζοντες σνσσήπωσι και πεττωσι την τροφι'ρ’. εχουσι δ 15 εναντίους οι ιχθύες τοΐς όρνισι τάς άποφυαδας’ οι μεν γάρ ιχθύες άνω προς τή κοιλία, των δ ορνίθων οι εχοντες άποφνάδας κάτω προς τω τελεί τον έντερου, εχουσι δ’ άποφνάδας ενια και των ζωοτόκων εντερικάς κάτω διά την αυτήν αιτίαν.
Το δβ των ιχθύων γένος απαν, δια το ενδεεστερως 20 ύχειν τά περί την τής τροφής εργασίαν, αλλ άπεπτα διαχωρεΐν, λαίμαργου προς την τροφήν εστι, και των άλλων δε παντων οσα ευθυεντερα’ ταχείας γάρ γινόμενης τής διαχωρησεως, και δια ταΰτα βραχείας οϋσης της άπολαύσεως, ταχεΐαν άναγκαΐον γίνεσθαι πάλιν και την επιθυμίαν.
25 Τα δ’ άμφώδοντα ότι μεν μικράν εχει κοιλίαν εϊρηται πρότερον· εις διαφοράς δε πιπτουσι δυο πάσαι σχεδόν τά μεν γάρ τή τής κννός ομοιαν
1 πάντα; S : ττάντες vulg. * *
° Probably some kind of mullet.
* “ Caeca! appendages ” (Ogle), or “ alimentary sacs.” c The vermiform appendix.
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it alone ruminates, for horned animals which have no teeth in the upper jaw also ruminate. All teeth in fish are sharp; this enables them to bite up their food, though somewhat unsatisfactorily ; this is because they cannot spend long over mastication ; hence they neither have flat teeth nor may they grind the food down ; therefore it would be idle to have the teeth. Furthermore, some fishes have no gullet at all, others have a short one ; but, in order to assist the process of concoction, some of them, like the Kestreus,0 have fleshy stomachs, similar to those of birds ; the majority, however, have a large number of appendages b by the side of the stonicach, in which to store up the food as it might be in additional cellars and there putrefy it up and concoct it. The appendages of fishes are, however, quite different from those of birds. In fishes they are fairly high up beside the stomach, whereas when present in birds they are down below at the end of the gut. Some of the Vivipara also have appendages c of this latter kind, and their purpose is the same.
The whole race of fishes is gluttonous for food, because their equipment for reducing it is defective, as a result of which most of it passes through unconcocted. Of all, those which have a straight intestine are especially gluttonous, since the food passes through quickly, which means that their enjoyment of it is brief, and therefore in its turn the desire for food must come on again very quickly.
I have already said that in animals with front teeth in both jaws the stomach is small. These stomachs fall into two main classes. Some have a stomach resembling that of the dog, some that of
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έχουσι κοιλίαν, τα Se τῆ τής υός· εστι δ’ η μεν της ύός μείζων καί τινας έχουσα μέτριας πλάκας προς το χρονιωτέραν γίνεσθαι την πέφιν, ή δε της κννδς 30 μικρά τό μέγεθος και ον πολύ του έντερου νπερ-βάλλουσα καί λεία τα εντός, μετά γάρ την κοιλίαν η των εντέρων έγκειται φύσις πασι τοΐς ζώοις. εχει δε διαφοράς πολλάς, καθάπερ η κοιλία, και τούτο το μόριον, τοΐς μεν γάρ άπλούν εστι και ομοιον αναλυόμενον, τοΐς δ’ άνόμοιον ενίοις μεν γάρ ενρύ-35 τερον τό προς τη κοιλία, τό δε προς τ eo τελεί στενότερον1 (διόπερ αι κύνες μετά πόνου προΐενται 675 b την τοιαύτην περίττωσιν), τοΐς δε πλείοσιν άνωθεν στενότερον,1 προς τω τέλει δ’ εύρύτερον.
Μείζω δε και αναδιπλώσεις έχοντα πολλάς τα των κερατοφόρων εστί, και οι ογκοι της κοιλίας τούτοις μείζους και των εντέρων διά τό μέγεθος· 5 πάντα γάρ ως είπεΐν μεγάλα τά κερατοφόρα δια την κατεργασίαν την τής τροφής, πασι δέ τοΐς μη εύθυεντέροις προϊόν2 εύρύτερον γίνεται τό μόριον τούτο, καί τό καλούμενον κόλον εχουσι, καί τού εντέρου τυφλόν τι και ογκώδες, είτ εκ τούτου πάλιν στενότερον3 καί είλιγμένον.	τό δέ μετά
ίο τούτο ευθύ προς την έζοδον διατείνει τού περιττώματος, καί τοΐς μεν τούτο τό μόριον, ο καλούμενος αργός, κνισώδης εστί, τοΐς δ’ άπίμελος. πάντα δέ ταΰτα μεμηχάνηται τή φύσει προς τας άρμοττούσας εργασίας περί την τροφήν καί του γινομένου περιττώματος, προϊόντι γάρ καί κατα-βαίνοντι τω περιττώματι εύρυχωρία γίνεται, καί 15 προς τό μεταβάλλειν ίσταμένω τοΐς ευχιλοτέροις
1 στενώτερον bis vulg.	3 προϊόν Peck: προϊονσιν vulg.
3 στενότερον SU : στενώτερον vulg.
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the pig. The pig’s stomach is larger than the dog’s, and it has some folds of medium size, so as to prolong the time of concoction. The dog’s is small in size— not much bigger indeed than the gut, and its inner surface is smooth. The gut has its place next after the stomach in all animals. Like the stomach, this part too presents many various forms. In some animals it is simple and similar throughout its length, when uncoiled; in others it is not similar throughout. Thus, in some it is wider near the stomach, and narrower towards the end (that is why-dogs find difficulty in discharging their excrement) ; in the majority, henvever, it is narrower at the top, and \vider at the end.
In the horned animals, the intestines are longer and have many convolutions ; and their bulk (as well as the bulk of the stomach) is greater, owing to the size of the animal : horned animals being, on the whole, large in size because of the ample treatment which their food receives. Except in those animals where it is straight the intestine gets wider as it proceeds, and they have λνΐιαΐ is called the colon and the blind and swollen part of the gut a ; and then after that point it gets narrower again and convoluted. After this, it goes on in a straight line to the place where the residue is discharged ; and in some this part (Avhich is called the anus) is supplied with fat, in others it is devoid of fat. All these parts have been devised by Nature to suit their appropriate functions in treating the food and in dealing with the residue produced. As the residue proceeds on its way and goes downwards, it finds a wider space where it remains in order to undergo transformation ; this is what
° The caecal dilatation.
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των ζώων καί ιτλείονος δεομένοις τροφής, Βία το μέγεθος ή την θερμότητα των τόπων. εΐτ εντεύθεν πάλιν, ώσπερ από τής άνω κοιλίας δέχεται στενότερον1 έντερον, όντως εκ τον κώλον και τής ευρυχωρίας εν τή κάτω κοιλία πάλιν εις στενο-20 τερον1 έρχεται και εις την έλικα το περίττωμα έξικμασμένον πάμπαν, όπως ταμιεύηται ή φύσις και μή άθρόος ή ή έξοδος τοΰ περιττώματος.
°Οσα μεν ονν είναι δει των ζώων σωφρονεστερα προς την τής τροφής ποίησιν ευρυχωρίας μεν ονκ έχει μεγάλας κατά την κάτω κοιλίαν, έλικας δ’ 25 έχει πλείους και ονκ εύθυέντερά εστιν. ή μεν γάρ ευρυχωρία ποιεί πλήθους επιθυμίαν, ή δ’ ευ Θύτης ταχντήτα επιθυμίας· διόπερ όσα των ζώων ή άπλάς έχει ή ευρυχώρονς τάς ύποδοχάς, τα μεν εις πλήθος γαστρίμαργα τα δ’ εις τάχος εστιν.
Έ·τγ€ι δ’ εν τή άνω μεν κοιλία κατά την πρώτην 80 είσοδον τής τροφής νεαράν άναγκαΐον είναι την τροφήν, κάτω δε προϊοΰσαν κοπρώδη καί έξ-ικμασμένην, άναγκαΐον είναι τι καί το μεταξύ, εν ω μεταβάλλει και ουτ’ έτι πρόσφατος ουτ’ ήδη κόπρος. διά τοΰτο πάντα τα τοιαΰτα ζωα την καλουμένην έχει νήστιν και εν τω μετά την κοιλίαν 85 έντέρω τω λεπτω · τοΰτο γάρ μεταξύ τής τ άνω, εν ή το άπεπτον, καί τής κάτω, έν ή το άχρηστον ήδη περίττωμα, γίνεται δ’ εν πάσι μεν, Βήλη δ’ εν τοΐς 1 στevcurepoi' bis Langkavel.
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° i.e. the “ stomach.”
6 i.e. the “ large intestine.”
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happens in the animals which need and take more food owing either to their size or to the heat of these parts of the body. After this, just as it goes into a narrower part of the intestine after it leaves the upper gut,0 so also it goes into a narrower channel after the colon or wide part of the lower gut,b and into the spiral coil ; into these the residue passes when its juices have been completely exhausted. In this way Nature is enabled to keep the material in store, and the residue is prevented from passing out all at the same moment.
In those animals, however, which have to be more controlled in their feeding, there are no great wade spaces in the lower gut, but their intestine is not straight, as it contains many convolutions. Spaciousness in the gut causes a desire for bulk of food, and straightness in the intestine makes the desire come on again quickly. Hence, animals of this sort are gluttonous : those with simple receptacles eat at very short intervals of time, those with spacious ones eat very large quantities.
Since the food in the upper gut, when it has just Jejunum, entered, must of necessity be fresh, and when it has proceeded further downwards must have lost its juices and be practically dung, the organ which lies between the two must of necessity be something definite, in which the change is effected, where food is no longer fresh and not yet dung. Therefore all animals of this sort have what is called the jejunum, which forms part of the small intestine, which is next to the stomach. That is to say, it has its place between the upper gut, -where the unconcocted food is, and the lower gut, where the now useless residue is. All these animals have the. jejunum, but
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676 a μείζοσι και νηστεύσασ ιν ἀλλ’ ου κ εδηδοκόσιν τότε γάρ δη1 οΐον2 μεταίχμιον γίνεται των τόπων άμφο-τερων, εδηδοκότων δε μικρός 6 καιρός της μεταβολής. τοΐς μεν οΰν θήλεσι3 γίνεται οπού αν τύχη 5 του αν ω εντερου ή νήστις· οι δ’ άρρενες* εχουσι ττ ρο του τυφλοΰ και τής κάτω κοιλίας.
XV.	"άάχουσι δε την καλουμενην ττυετίαν τα μεν πολυκοίλια πάντα, των δε μονοκοιλίων δασύπους, εχει δέ τα εχοντα των πολυκοιλίων την ττυετίαν οϋτ εν τή μεγάλη κοιλία οϋτ’ εν τω κεκρυφάλω οϋτ* εν ίο τω τελευταία) τω ήνύστρω, άλλ’ εν τω μεταξύ του τελευταίου και [δΨο]5 των πρώτων, εν τω καλούμενα) εχίνω. εχει δε ταΰτα πάντα πυετίαν διά την παχύτητα του γάλακτος· τα δε μονοκοίλια ούκ εχει, λεπτόν γάρ τό γάλα των μονοκοιλίων. διό των μεν κερατοφόρων πήγνυται, των δ’ άκεράτων Ιδ ου πήγνυται τό γάλα, τω δε δασύποδι γίνεται πυετία διά τό νεμεσθαι όπώδη πόαν 6 γάρ τοιοΰ-τος χυμός συνίστησιν εν τή κοιλία τό γάλα τοΐς εμβρύοις. διότι δε των πολυκοιλίων εν τω όχίνω γίνεται ή πυετία, είρηται εν τοΐς προβλήμασιν.
1 δή Ζ : ήδη Vlllg.
2 οἶον ΡΖ, om. vulg·.
3 θήλεσι] τελείοις Ζ : πλείοσι Platt.
4	άρρενες] κύνες Platt.
6 [δόο] secludendum.
“ This seems to mean that when the animal is fasting· the two receptacles do not bulge, and so the jejunum is visible; and though after the animal has fed you might expect to see the jejunum, because it should be full of food which is being
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it is apparent only in the larger ones, and in them only -when they are fasting, not when they have recently been eating, for when they arc fasting, there is an interspace between the two receptacles, whereas ■when they have been eating, the time taken by the change is short.® In females the jejunum can have its place in any part of the upper intestine ; in males it is placed immediately before the caecum and the lower gut.
XV. What goes by the name of Rennet is present Rennet in all animals which have a multiple stomach ; the hare is the only animal with a single stomach which has it. In the former class the rennet is not in the paunch b nor in the reticulum, nor in the abomasum (the last of the stomachs) ; but in the stomach between the last one and the first ones, i.e. the so-called omasum (manyplies).® All these animals have rennet because their milk is so thick ; similarly, the single-bellied animals have no rennet, because their milk is thin. This also explains why the milk of horned animals coagulates, while that of the hornless does not. As for the hare, it has rennet because it feeds on herbs with fig-like juice ; and this juice can coagulate the milk in the stomach of sucklings. I have stated in the Problemsd why, in the animals that have many stomachs, the rennet is formed in the manyplies.
transmuted inside it (see above, 675 b 32), it is not visible, because the change is effected so rapidly.
6 Lit. “ the great stomach.”
c See above, 674 b 14 ff.
d No such reference can be found.
SOI
Δ
Tw αυτόν Se τρόπον έχει τα περί τα σπλάγχνα καί την κοιλίαν και των ειρημένων μορίων έκαστον τοΐς τετράπόσι μεν ωοτόκοις δε των ζώων και τοΐς 2δ άποσιν, οι ον τοΐς όφεσιν. καί γάρ ή των όφεων φύσις εστι συγγενής τουτοις· όμοια γάρ εστι σαυρω μακρω1 και άποδι. τουτοις δε καί τοΐς ίχθύσι πάντα παραπλήσια, πλην τα μεν έχει πλεύμονα διά το πεζεΰειν, οι δ’ ουκ εχουσιν, αλλά βράγχια αντί του πλευμονος. κυστιν δ’ ούθ’ οι ιχθύες εχουσιν 30 ούτε τούτων ούδεν πλην χελώνης· τρέπεται γάρ εις τάς φολίδας τό υγρόν όλιγοπότων όντων διά την άναιμότητα του πλευμονος, καθάπερ τοΐς όρνισιν εις τα πτερά, καί επιλευκαίνει δε τό περίττωμα πάσι καί τουτοις, ώσπερ καί τοΐς όρνισιν, διοτΓ εν τοΐς έχουσι κυστιν έξελθοντος του περιττώματος S5 υφίσταται άλμυρίς γεώδης εν τοΐς άγγείοις- τό γάρ γλυκύ καί πότιμον αναλίσκεται δια κουφότητα εις τάς σάρκας.
676 b Των δ’ όφεων οι έχεις προς τούς άλλους εχουσι την αυτήν διαφοράν ην και εν τοΐς ιχθυσι τα, σελάχη προς τούς άλλους■ ζωοτοκοΰσι γαρ εζω και τα σελάχη καί οι έχεις, εν αύτοΐς ωοτοκήσαντα πρώτον, μονοκοίλια δε πάντα τα τοιαΰτα εστι,
1 μακρω Υ : μακρω η vulg.	" διότι Ogle: διοττερ Vlllg,
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What has been said already on the subject of the viscera, the stomaeh, and each of the other parts mentioned, applies to the footless creatures (such as the Serpents) as well as to the oviparous quadrupeds. Indeed, tlie Serpents are akin to these : for a serpent is like a long and footless lizard. A third elass in which all these parts are similar is the Fishes : the only difference is that the first two elasses are land-creatures and therefore have a lung, whereas fishes have no lung but gills instead. Fishes have no bladder, nor lias any of these creatures (exeept the tortoise) ; the reason is that they drink little (beeause their lung is bloodless), and the moisture in them is diverted to the horny scales, just as in birds it is diverted to the feathers. And in all these creatures, as in birds, the residue α is white on the surface, since in those animals that have a bladder, when the residue has been voided an earthy salt deposit settles in the vessels, the sweet and non-briny portion, owing to its lightness, being used up upon the flesh.
The Vipers have the same peculiarity among the Serpents as the Selaehia have among the Fishes. Both of them are externally viviparous, though they first produce their ova internally. All these α See Introduction, pp. 32 if.
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5 καθάπερ τάλλα τα άμφώδοντα· καί σπλάγχνα δε πάμπαν μικρά έχει, ώσπερ τ·χΑΑα τα μη εχοντα κυστιν. οι δ’ οφεις διά την του σώματος μορφήν, ούσαν μακράν και στενήν, και τα σχήματα των σπλάγχνων εχουσι διά ταΰτα μακρά καί τοΐς των άλλων ζαρών ανόμοια, διά τό καθάπερ εν τυπω τα 10 σχήματ αυτών πλασθήναι διά τον τόπον.
Έπίπλοον Se και μεσεντέριον και τα περί την των εντέρων φόσιν, έτι δέ το διάζωμα και την καράίαν πάντ εχει τα έναιμα των ζώων, πλευμονα δέ και αρτηρίαν πάντα πλήν των ιχθύων, και την θέσιν δέ τής αρτηρίας και του οισοφάγου πάντα 15 τα εχοντα ομοίως εχει διά τα? είρημένας αίτιας πρότερον.
II. ”Κχει δέ καί χολήν τα πολλά των έναιμων ζώων, τα μέν επί τω ήπατι, τα δ’ άπηρτημένην έπι τοΐς έντέροις, ώς ουσαν ούχ ήττον εκ τής κάτω κοιλίας την φόσιν αυτής, δήλον δέ μάλιστ επί των 20 ιχθύων ουτοι γάρ έχουσί τε πάντες, καί οι πολλοί προς τοΐς1 έντέροις, ενιοι δέ παρ’ όλον το εντερον παρυφασμένην, οΐον ή άμια· καί των οφεων οι πλεΐστοι τον αυτόν τρόπον, διόπερ οι Αέγοντες την φόσιν τής χολής αίσθήσεώς τινος είναι χάριν ου καλώς λέγουσιν· φασι γάρ είναι διά τοΰτο, όπως 28 τής φυχής το περί το ήπαρ μόριον δάκνουσα μεν συνιστή, λυομένη δ’ ΐλεων ποιή· τα μέν γάρ ολιυς
1 τοι? ΡΥΖ et corr. U : om. vulg.
0 See 665 a 10 ff.	6 See 650 a 14.
« This seems to refer to the views expressed in Plato, Timaeus, 71 d.
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creatures have one stomach only, as do the other animals that have front teeth in both jaws. And their viscera are quite small, as are those of the other creatures which have no bladder. However, on account of the shape of the serpents’ bodies, which is long and narrow, the shape of their viscera too is consequently long, thus differing from those of other animals. This is because the shape of them is fashioned, as though in a mould, on account of the space available for them.
All blooded animals have an omentum, a mesentery, and the whole intestinal equipment; also a diaphragm and α heart ; and all but the fishes have a lung and a windpipe too. The relative positions of the windpipe and the oesophagus are the same in call of them. The reasons for this have been given already.0
II.	The majority of the blooded animals have a Gall-bladder gall-bladder in addition. In some it is placed up and blle· against the liver ; in others it is separate from the liver and placed against the intestines, indicating that equally in these its derivation is from the lower gut.6 This is clearest in the fishes, all of which have one, and in most of them it is placed against the intestines, though in some it runs along the whole length of the intestine, like a woven border, as in the Amia ; a similar arrangement is found in most of the serpents. Hence, those λλΉο assert that the gallbladder is present for the sake of some act of sensation are wrong. They say its purpose is as follows :— on the one hand (a) to irritate that part of the Soul which is around the liver, and so to congeal it c ; and on the other hand (b) by running free to make that part cheerful. This cannot be true ; because some
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ούκ εχει χολήν, οίον ίππος και ορευς και ονος και ελαφος καί πρόξ’ ούκ εχει δ' ούδ' ή κάμηλος άποκεκριμενην, άλλα φλεβια χολώδη μάλλον· ονκ 'όχει δ’ ούδ’ ή φώκη χολήν, ούδε των θαλαττίων 30 δελφίς. εν δε τοι? γενεσι τοΐς αύτοΐς τα μεν εχειν φαίνεται τα δ’ ονκ όχειν, οΐον εν τω των μυών τούτων δ' εστι καί 6 άνθρωπος, ενιοι μεν yap φαίνονται εχοντες χολήν επί τοΰ ηπατος, ενιοι δ' ούκ εχοντες· διό και γίνεται άμφισβήτησις περί ολου τοΰ γένους’ οι γάρ εντυχόντες όποτερωσοΰν 35 ε,χουσι περί πάντων υπολαμβάνουσιν ως απάντων εχόντων. συμβαίνει δε τοιοΰτον και περί τα πρόβατα και τάς αίγας■ τα μεν γά ρ πλεΐστα τούτων 677 a εχει χολήν, άλλ' ενιαχού μεν τοσαυτην ώστε δοκεΐν τέρας είναι την υπερβολήν, οΐον εν Νάξω, ενιαχού δ' ούκ εχουσιν, οίον εν λίαλκίδι τής Eύβοίας κατά τινα τόπον τής χωράς αύτών. ετι δε, ώσπερ ε’ίρη-S ται, ή των Ιχθύων άπήρτηται πολύ τοΰ ηπατος. ούκ όρθώς δ' εοίκασιν οι περί 'Αναξαγόραν ύπο-λαμβάνειν ως αιτίαν ούσαν των οξέων νοσημάτων υπ ερβ άλλου σ αν γάρ άπορραίνειν προς τε τον πλεύ-μονα και τάς φλέβας και τα πλευρά, σχεδόν γάρ οΐς ταΰτα συμβαίνει τ α πάθη των νόσων, ούκ ίο εχουσι χολήν, εν τε ταΐς άνατομαϊς αν εγίνετο τούτο φανερόν ετι δε τό πλήθος το τ' εν τοΐς άρρωστή-μασιν ύπάρχον και το άπορραινόμενον ασύμβλητου. άλλ' εοικεν ή χολή, καθάπερ και ή κατά το άλλο
0 This is true of quite a number of species, and as Aristotle says, the gall-bladder is specially variable in mice. In man, its absence is rare ; and Aristotle’s statement may well be derived from his observation of aborted embryos, in which the gall-bladder develops somewhat late.
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animals have no gall-bladder at all, such as the horse, the mule, the ass, the deer, and the roe ; and the camel has no distinct gall-bladder, but Λγ-hat would better be described as consisting of small biliary vessels. There is no gall-bladder in the seal, nor (among sea-animals) in the dolphin. Sometimes in the same group there are some animals which look as if they have one, and some as if they have none ® : This is true of the Mice ; and also of the human species, as in some individuals the gall-bladder is placed against the liver and is obvious ; while in some it is missing. The result of this has been a dispute concerning the group as a whole. Whatever an observer has found to be the condition of the individuals he happens to have seen, that he holds is true of every individual throughout the group. The same has occurred with regard to sheep and goats, most of which have a gall-bladder ; but, whereas in some individuals it is so large that its excessive size is portentous (e.g. in Naxos), in others it is entirely absent (e.g. in a particular district of Chalcis, Euboea). A further point, already mentioned, is that in fishes the gall-blackler is separated from the liver by a good distance. Moreover, it is safe to say that Anaxagoras’s school is wrong in holding that the gall-bladder is the cause of acute diseases : they say that when it gets too full it spurts its liquid out into the lung and blood-vessels and sides. This must be wrong, because nearly everyone who suffers from these affections actually has no gall-bladder, and this would be proved if they were dissected. Besides, there is no comparison between the amount of bile which is present in these ailments and that which is emitted from the gall-bladder. No ; it seems probable that, just as the
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σώμα γίνομε νη περίττωμα τί εστιν η συντηξις, οΰτω καί ή επί τω ήπατι χολή περίττωμα εΐναι καί is ούχ ενεκά τινος, ώσπερ και ή εν τη κοιλία καί εν τοΐς εντεροις ύπόστασις. καταχρήται μεν συν ενίοτε ἡ φύσις εις τό ωφέλιμον και τοΐς περιττώ-μασιν, ον μην διά τοΰτο δει ζητεΐν πάντα ενεκα τινος· άλλα τινών όντων τοιούτων ετερα εξ ανάγκης συμβαίνει Βία ταΰτα πολλά.
"Οσοις μεν οΰν η τον ψ-ατος σύστασις υγιεινή 20 ζστι και η του αίματος φύσις γλυκεία η εις tout’ άποκρινομενη, ταΰτα μεν η πάμπαν ούκ ίσχει χολήν επι τοΰ ηπατος, η εν τισι φλεβίοις, η τα μεν τα δ’ ου. Βιο και τα ηπατα τα των άχόλων εϋχρω και γλυκερά εστιν ως επίπαν είπεΐν, και των εχόντων 25 χολήν το νπο τη χολή τον ηπατος γλνκύτατόν εστιν. των Βε συνισταμενων εξ ηττον καθαρού αίματος τούτου1 εστιν η χολή το γινόμενον περίττωμα· εναντίον τε γάρ τη τροφή το περίττωμα βούλεται εΐναι καί τω γλνκεΐ το πικρόν, καί το αιμα γλυκύ τό ύγιαΐνον. φανερόν ον ν οτι ου τινος 30 ενεκα, άλλ’ άποκάθαρμά εστιν η χολή. Βιό καί χαριεστατα λεγονσι των αρχαίων οι φάσκοντες αίτιον είναι τοΰ πλείω ζην χρόνον το μη εχειν χολήν, βλεφαντες επί τα μώνυχα καί τάς ελάφους· ταΰτα γάρ άχολά τε καί ζή πολύν χρόνον, ετι Βε καί τα μη εωραμενα υπ’ εκείνων οτι ούκ εχει 35 χολήν, οΐον Βελφίς καί κάμηλος, καί ταΰτα τυγχάνει μακρόβια όντα, εύλογον γάρ την τοΰ ηπατος
1 τούτου Peck: τοντ vulg.
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bile elsewhere in the body is a residue or eolliques-eenee, so this bile around the liver is a residue and serves no purpose—like the sediment produced in the stomach and the intestines. I agree that occasionally Nature turns even residues to use and advantage, but that is no reason for trying to discover a purpose in all of them. The truth is that some constituents are present for a definite purpose, and then many others are present of necessity in consequence of these.
We may say, then, that in animals whose liver is healthy in its composition, and in which the blood that supplies the liver is sweet, there is either no gall-bladder at all by the liver, or else the bile is in tiny vessels, or else in some these are present and in some not. This is why the livers of gall-bladderless animals are, generally, of a good colour and sweet ; and in those that have a gall-bladder the part of the liver immediately below it is very sweet. But in those animals which are formed out of blood which is less pure, the bile is the residue of this ; since “ residue ” means that which is the opposite of “ food.” and “ bitter ” the opposite of “ sweet and healthy blood is sweet. So it is evident that bile exists for no definite purpose, but is merely an offscouring. So that was an extremely neat remark which we find made by some of the old authors, when they say that if you have no gall in you your life «ill be longer. This was a reference to animals with uncloven hoofs and to deer, which have no gall-bladder, and are long-lived. And also, certain other animals are long-lived, such as the dolphin and camel, which, though unobserved by them, have no gall-bladder. After all, the liver is vital and indispensable for all blooded
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φνσιν, επίκαιρον ονσαν και αναγκαιαν πασι τοις 677 b εναίμοις ζωοις, αιτίαν είναι, ποιαν τιν ουσαν, τον ζην ελάττω η πλείω χρόνον, και τό τούτον μεν τ ον σπλάγχνου είναι περίττωμα τοιοΰτον, των δ’ άλλων μηδενός, κατά λόγον εστίν. τη μεν γάρ καρδία τοιοΰτον ούδε'να πλησιάζειν οΐόν τε χυμόν (ούδεν 5 γάρ δέχεται βία ιον πάθος), των δ’ άλλων ούδεν σπλάγχνων άναγκαΐόν εστι τοΐς ζωοις, τό δ’ ήπαρ μόνον διόπερ καί τούτο συμβαίνει περί αυτό μόνον, άτοπόν τε τό μη πάντα χον νομίζειν, όπου άν τις ίδη φλέγμα η τό απόστημα της κοιλίας, περίττωμα είναι, ομοίως δή δηλον ότι καί χολήν, καί μη ίο διαφερεσθαι τοΐς τόποις.
Και περί μεν χολής, διά τίν αιτίαν τα μεν εχει τα δ’ ονκ εχει των ζωων, εΐρηται, III. περί δε μεσεντέριον καί επιπλόον λοιπόν είπεΐν ταΰτα γάρ εν τω τόπω τούτιρ καί μετά των μορίων εστί τούτων.
15 Έστι δε τό μεν επίπλοον ύμην τοΐς μεν στεαρ εχουσι στεατώδης, τοΐς δε πιμελην πιμελώδης-ποια δ’ εστίν εκάτερα τούτων, εΐρηται πρότερον, ηρτηται1 δε τό επίπλοον ομοίως τοΐς τε μονοκοίλιος καί τοΐς πολυκοιλίοις από μέσης της κοιλίας κατά την υπογεγραμμόνην οίον ραφήν επεχει δε τό τε 20 λοιπόν τής κοιλίας καί τό των εντέρων πλήθος ομοίως τοΐς εναίμοις, εν τε τοΐς πεζοΐς καί τοΐς ενύδροις ζωοις.
'H μεν ονν γένεσις εξ ανάγκης συμβαίνει τοιαύτη του μορίου τούτον ξηροΰ γάρ καί ύγροΰ μίγματος θερμαινόμενου τό έσχατον αει δερματώδες γίνεται 1 ηρκται SUYZ.
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animals, and so it is quite reasonable to hold that the condition of it controls the length of its owner’s life.
And it is equally reasonable to hold that the liver produces a residue such as the bile although none of the other viscera does so. Take the heart : no such humour as bile could possibly come near the heart, because the heart cannot withstand any violent affection. Of the other viscera none is indispensable to an animal, except the liver only, and that is why this phenomenon occurs in connexion with the liver exclusively. And it would be absurd to say that phlegm and the sediment produced by the stomach are residues when found in some places but not in others ; and clearly the same applies to bile : its locality makes no difference.
We have now spoken of the gall-bladder, and we have shown why some animals have it and why some have not. III. It remains to speak of the Mesentery and of the Omentum. These arc in the same region and close to the parts we have just described.
The Omentum is a membrane, formed of suet Omentum, or lard according to the animal in which it is. (We have already stated which animals contain suet and which lard.) α Whether the animal has one stomach or many, the Omentum is always fastened to the middle of the stomach, on the line, marked on it like a seam ; and it covers the rest of the stomach and most of the intestines. This is so in all blooded creatures, land- and water-animals alike.
As for the necessary b formation of this part, it occurs as follows. When a mixture containing solid substance and fluid is warmed up, the surface of it always becomes skin-like and membranous ; and • At 651 a 26 ff.	6 See Introd. p. 22.
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και υμενώδες, ό δε τόπος οντος τοιαύτης πλήρης 25 εστι τροφής, ετι δε δια πυκνότητα τ ον νμενος το διηθούμενου τής αιματώδους τροφής άναγκαΐον λιπαρόν είναι (τούτο γάρ λεπτότατου) και δια την θερμότητα την περί τον τόπον συμπεττόμενον αντί σαρκώδους και αιματώδους συστάσεως στεαρ γι-νεσθαι και πιμελήν. ή μεν ονν γενεσις του επι-so πλόον συμβαίνει κατά τον λόγον τούτον, κατα-χρήται δ’ ή φύσις αύτώ προς την εύπεφίαν τής τροφής, όπως ραον πεττη και θάττον τα ζώα την τροφήν τό μεν γάρ θερμόν πεπτικόν, τό δε πΐον θερμόν, τό δ’ επίπλοον πΐον. και δια τοΰτ από μέσης ήρτηται1 τής κοιλίας, ότι τό επεκεινα2 μέρος 35 σνμπεττει τό παρακείμενον ήπαρ, και περί μεν τού επιπλόου εϊρηται.
IV. Το δε καλούμενου μεσεντέριον εστι μεν ύμήν, δια τείνει δε συνεχές από τής τών εντερων παρα-678 a τάσεως εις την φλέβα την μεγάλην καί την αορτήν, πλήρες ον φλεβών πολλών καί πυκνών, αι τείνουσιν από τών εντερων εις τε την μεγάλην φλέβα καί την αορτήν, την μεν οΰν γενεσιν εξ ανάγκης οΰσαν 5 ενρήσομεν ομοίως τοΐς άλλοις μορίοις3· δια. τινα δ’ αιτίαν υπάρχει τοΐς εναίμοις, φανερόν εστιν επι-σκοποΰσιν. επεϊ γάρ άναγκαΐον τα ζώα τροφήν λαμβάνειν θύραθεν, καί πάλιν εκ ταντης γίνεσθαι την εσχάτην τροφήν, εξ ής ήδη διαδιδοται εις τα μόρια (τούτο δβ τοΐς μεν άναίμοις ανώνυμον, τοΐς δ’
1 ήρκται EPSUYZ.
2 έ7τεκειι·α Peck : ίπ €Κ(ΐνο \nilg.
3 <τοιοντοΐί> μορίοις Ogle : [μορίοις] νμίοι Platt
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the place where the Omentum is is full of nutriment of this very sort. Furthermore, owing to the thickness of the membrane, that portion of the blood-like nutriment which percolates through it must of necessity be fatty, because that is the finest in texture; and then owing to the heat in that part it will be concocted and so become suet or lard instead of some fleshy or blood-like substance. This, then, is the way in which the formation of the Omentum occurs. Nature, however, turns the Omentum to advantage in the concoction of the food, so as to enable the animal to concoct its food more easily and more quickly ; for the Omentum is fat ; fat things are hot, and hot tilings aid concoction. For this reason, too, the Omentum is fastened to the middle of the stomach ; since as regards that part of the stomach which is beyond, the liver which is close by it assists it in concoction. So much for the Omentum.
IV.	What is called the Mesentery is also a membrane ; and it extends continuously from the line of extension of the intestines as far as the Great Bloodvessel and the Aorta. It is full of blood-vessels, which are many in number and closely packed together ; and they extend from the intestines as far as the Great Blood-vessel and the Aorta. We shall find, as with the other parts, that the development and formation of the Mesentery is the result of necessity. As for its purpose in the blooded animals, that is clear enough to those who consider. Animals must of necessity take in nutriment from without; and, again, out of this the “ultimate nutriment” has to be made ; and from this store the supply is distributed directly to the parts of the body. (In blooded animals this is called blood ; there is no
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ίο εναίμοις αίμα καλείται), δει τι είναι δι’ ον εις τας φλέβας εκ της κοιλίας οίον διά ριζών πορενσεται η τροφή, τα μεν οΰν φυτά τας ρίζας έχει εις την γην (έκεΐθεν γάρ λαμβάνει την τροφήν), τοΐς δε ζωοις η κοιλία και ή των εντέρων δυναμις γη εστιν, εξ ής δει λαμβάνειν την τροφήν διόπερ ή του μεσεν-15 τερίου φύσις εστιν, οίον ρίζας έχουσα τας δι αυτής1 φλέβας, ον μεν οΰν ένεκα το μεσεντέριον εστιν, εϊρηται· τινα δε τρόπον λαμβάνει την τροφήν, και πώς εισέρχεται διά τών φλεβών από τής έσχατης1 2 τροφής εις τα μόρια πάντα3 τό διαδιδόμενον εις τας φλέβας, εν τοΐς περί την γένεσιν τών ζώων λεχθη-20 σεται και την τροφήν.
Τα μεν οΰν έναιμα τών ζώων πώς έχει μ^χρι τών διωρισμένων μορίων, καί διά τινας αιτίας, εϊρηται’ περί δε τών εις την γένεσιν συντελούντων, οΐς δοκεΐ διαφέρειν το θήλυ του άρρενος, εχόμενον μέν έστι 25 καί λοιπόν τών ειρημένων άλλ’ επειδή περί γενέ-σεως λεκτέον, άρμόττον εστί καί περί τούτων εν τή περί εκείνων θεωρία διελθεΐν.
V.	Τα δε καλούμενα μαλάκια καί μαλακόστρακα πολλήν έχει προς ταΰτα διαφοράν ευθύς γάρ την τών σπλάγχνων άπασαν ούκ έχει φυσιν. ομοίως δ’ so ουδέ τών άλλων άναίμων ουδόν, έστι δέ δυο γένη λοιπά τών άναίμων, τά τ οστρακόδερμα καί τό τών εντόμων γένος. εξ ου γάρ συνέστηκεν ή τών σπλάγχνων φύσις, ουδέν τούτων έχει αίμα, διά τό
1 αυτής Peck: αυτής vulg.
* ίσχάτης Perk : είσιοΰσης vulg.
3 πάντα Ogle : ταΰτα vulg. : om. Ζ.
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special name for it in the others.) Now there must be some passage or passages (as it might be roots) through which this nutriment shall pass from the stomach to the blood-vessels. The roots of plants are of course in the ground, because that is the source from which plants get their nutriment. For an animal, the stomach and the intestines correspond to the ground, the place from which the nutriment has to be derived. And the Mesentery exists to contain these vessels., corresponding to roots ; they pass through the inside of it. This completes my account of its Final Cause. As for the means by which the nutriment is taken up, and the way in which that portion of the ultimate nutriment which is distributed into the blood-vessels reaches all the parts of the body through them, these points will be dealt with in the treatises on the Generation of Animals and on Nutrition.
I	have now described the blooded animals as far as concerns the parts that have been dealt with, and also the causes that are responsible. It remains, and would follow after this, to speak of the organs of generation, by which male and female are distinguished. But as we shall have to deal with generation itself, it is more appropriate to speak of these organs in our consideration of that subject. V.
V. The animals called Cephalopods and Crustacea internal are very different from the blooded ones. First of all, bloodless they have no visceral structure at all. This is true animals. of all the bloodless creatures, in which are included beside Cephalopods and Crustacea two other groups, the Tcstacea and the Insects. This is because none of them has blood, which is the material out of which
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της ουσίας αυτών είναι τι τοιοΰτον πάθος [αυτἡ?]1· οτι γάρ έστι τα μεν εναιμα τα δ’ άναιμα, iv τω 85 λόγω ενυπάρξει τω όρίζοντι την ουσίαν αυτών, ετι δ’ ών ένεκεν εχουσι τα σπλάγχνα τα εναιμα τών ζώων, ούδέν υπάρξει τοΐς τοιουτοις· ούτε γάρ 678 b φλέβας εχουσιν ούτε κυστιν ουτ άναπνέουσιν, αλλά μόνον άναγκαΐον 'όχειν αυτοΐς το άνάλογον ττ) καρδία· το γάρ αισθητικόν φυχης και τό της ζωής αίτιον (eV)2 αρχή τινι τών μορίων καί του σώματος υπάρχει πάσι τοΐς ζώοις. τα 8ε προς την τροφήν 5 μόρια εχει και ταΰτα εξ ανάγκης πάντα· οι δε τρόποι διαφέρουσι διά τούς τόπους εν οις λαμ-βάνουσι την τροφήν.
’Έχουσι 8ε τα μεν μαλάκια περί τό καλούμενον στόμα 8ύο οδοντα?, καί εν τω στόματι αντί γλώτ-της σαρκώδες τι, ω κρίνουσι την εν τοΐς έδεστοΐς ηδονήν, ομοίως δε καί τα μαλακόστρακα τουτοις ίο τους πρώτους ὅδοντας εχει καί τό άνάλογον τή γλώττη σαρκώδες. ετι δε καί τα οστρακόδερμα πάντα τό τοιοΰτον εχει μόριον διά την αυτήν αιτίαν τοΐς εναίμοις, προς τήν τής τροφής αίσθησιν. ομοίως δε καί τα έντομα τα μεν τήν εξιοΰσαν επι-βοσκίδα του στόματος, οΐον τό τε τών μελιττών 15 γένος καί τό τών μυιών, ώσπερ εΐρηται καί πρότερον· όσα δε μή εστιν εμπροσθόκεντρα, εν τω στόματι εχει τό τοιοΰτον μόριον, οΐον το τών μυρμήκων γένος καί ει τι τοιοΰτον ετερον. όδόντας 8έ τα μεν έχει τούτων, άλλοιοτέρους δε, καθάπερ 1 αυτής seclusi.	8 έν supplevit Th.
° See Introduction, ρρ. 2t’> ff.
b These teeth are the two halves of what might be compared to a beak.
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viscera are made ; and the reason for this is that a condition of this sort is part of their being : the fact that some animals are blooded and some bloodless will be found to be included in the logosa which defines their being. Further, we shall see that none of those purposes for λνίκ^ε sake blooded animals have viscera operate in these other creatures : they have no blood-vessels and no bladder, they do not breathe : the only organ they must necessarily have is the counterpart of the heart, since the sensitive part of the Soul and the original cause of life is always situated in some place which rules the body and its parts. Also, they all have of necessity the parts adapted for dealing with food and nutrition; but the manner of these varies according to the places where they take their food.
The Cephalopods have two teeth around what is called their mouth b; and inside the mouth, instead of a tongue, they have a fleshy object, by means of M-hich they discriminate the savour of things to eat. Likewise, the Crustacea have these front teeth and the fleshy counterpart of the tongue. The Testacea all have this latter part, too, for the same reason that blooded animals have a tongue, viz. to perceive the taste of the food they eat. Similarly, too, the Insects have, some of them, a proboscis which comes out from the mouth, as with the Bees and Flies (this has been mentioned earlier®); and tlie ones which have no sharp protrusion in front have a part such as this inside the mouth, as Ants, and the like. Some of these creatures have teeth, though somewhat different from ordinary teeth (as the Flies,'d and Bees) ;
c At 661 a 21 ; cf. Hist. An. 528 b 28.
* Or “ Ants ” (translating Meyer’s emendation).
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τό τε των μνιών1 και το των μελιττών γένος, τα δ 20 ονκ έχει, δσα υγρά χρήται τή τροφή- πολλά γάρ των εντόμων ου τροφής έχει χάριν τούς ὅδοντας ἀλλ’ αλκής.
Των δ’ οστρακόδερμων τα μεν, ώσπερ έλέχθη καί εν τοΐς κατ άρχάς λόγοις, την καλουμένην έχει γλώτταν ίσχυράν, οι δε κόχλοι και οδοντα? δυο, 25 καθάπερ τα μαλακόστρακα, μετά δέ τό στόμα τοΐς μαλακίοις εστι στόμαχος μάκρος, τούτου δ’ εχό-μενος πρόλοβος ο ιός περ τοΐς όρνισιν, εΐτα συνεχής κοιλία, και τ αυτής έχόμενον εντερον άπλοΰν μέχρι τής εξόδου, ταΐς μεν συν σηπίαις και τοΐς πολν-ποσιν όμοια και τοΐς σχήμασι και τή αφή τα περί 30 τήν κοιλίαν- ταΐς δε καλουμέναις τευθίσι δυο μεν ομοίως αι κοιλιώδεις είσιν ύποδοχαί, ήττον 8e προλοβώδης ή έτέρα, και τοΐς σχήμασιν εκείνων διαφέρουσι διά τό και τό σώμα παν εκ μαλακω-τέρας συνεστάναι σαρκός.
Ύαΰτα δ’ έχει τα μόρια τούτον τον τρόπον δί-ά τήν αυτήν αιτίαν ώσπερ και οι όρνιθες- oi3Se γάρ 35 τούτων oi38ep ενδέχεται λεαίνειν τήν τροφήν, διόπερ 6 πρόλοβος έστι προ τής κοιλίας.
Προς βοήθειαν δε και σωτηρίαν έχει ταΰτα τον 679 a καλούμενοι· θολόν εν χιτώνι ύμενώδει προσπεφν-κότι,2 τήν έξοδον έχοντι και τό πέρας ήπερ άφιάσι τό περίττωμα τής κοιλίας κατά τον καλουμενον αυλόν οντος δ’ έστιν εν τοΐς ύπτίοις. έχει μεν ουν 5 πάντα τα μαλάκια τούτο τό μόριον ’ίδιον, μάλιστα δ’ ή σηπία και πλεΐστον όταν γάρ φοβηθώσι και
1	μνιών] μνιών ζώον ΕΥ: μνρμηκων Meyer.
2	προσπΐφυκότι Ogle : προσπΐφυκότα VUgl.
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others have no teeth at all : these are the creatures whose food is fluid. Indeed, in many of the insects the purpose of the teeth is not mastication of food at all, but for use as weapons.
Of the Testacea, as we stated in the opening treatise,0 some have a very strong tongue (so-called) ; and the Sea-snails actually have two teeth as well, like the Crustacea. In the Cephalopods there is a long gullet next after the mouth, and contiguous to that is a crop like a bird’s. Continuous with this is the stomach, then immediately the intestine, which is simple and reaches to the vent. In the Sepias and Octopuses these parts round the stomach are similar both in shape and in consistency. The creatures called Calamaries, like the others, have the two gastric receptacles,6 but the first of them is less like a crop ; and they differ in shape from the organs of the previous classes, and that is because their bodies are composed of softer flesh throughout.
These creatures have these parts arranged in this way for the same reason that birds have them: they, like birds, are unable to grind down their food; hence the crop is placed before the stomach.
The Cephalopods, for the sake of self-defence and self-preservation, have what is called their Ink. This is contained in a membranous bag which is attached to the body, and comes to an end in an outlet where the residue from the stomach is discharged by the so-called funnel. This is on the under side of the body. All the Cephalopods have this peculiar part, but it is most remarkable in the Sepia, as well as the largest in size. When the Sepia is frightened and in terror,
e At Hist. An. 528 b 30 ff. b Viz. the crop and the stomach.
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δείσωσιν, οΐον φράγμα προ του σώματος ποιούνται την του ύγροΰ μελανίαν και θόλωσιν. αι μεν οΰν τευθίδες και πολύποδες εχουσιν άνωθεν τον θολόν επί ττ} μύτιδι μάλλον, η δε σηπία προς τη κοιλία 10 κάτω- πλείω γάρ εχει διά τό χρήσθαι μάλλον, τούτο δ* αυτή συμβαίνει διά τό πρόσγειον μεν είναι τον βίον αυτής, μή εχειν δ’ άλλην βοήθειαν, ώσπερ 6 πολυπους τάς πλεκτάνας εχει χρησίμους και την τοΰ χρώματος μεταβολήν, ή συμβαίνει αύτώ, ώσπερ καί ή τοΰ θολοΰ πρόεσις, διά δειλίαν, ή δε 16 τευθ'ις πελάγιόν εστι τούτων μόνον, πλείω μεν ούν εχει ή σηπία παρά τοΰτο τον θολόν, κάτωθεν δε διά τό πλείω· ρόδιον γάρ προιεσθαι καί πόρρωθεν από τοΰ πλείονος. γίνεται δε [ό ^ολό?],1 καθάπερ τοίς όρνισιν απόστημα τό λευκόν επί τοΰ περιττώματος γεώδες, οϋτω καί τούτοις ό θολός διά τό μηδε ταΰτ 20 εχειν κύστιν αποκρίνεται γάρ τό γεωδεστατον εις αυτόν, καί τή σηπία πλεΐστον διά τό πλεΐστον εχειν γεώδες, σημεϊον δε τό σηπίον τοιοΰτον ον τοΰτο γάρ ὅ μεν πολυπους ούκ εχει, αι δε τευθίδες χον-δρώδες καί λεπτόν. (δι* ήν δ’ αιτίαν τα μεν ούκ εχει τα δ’ εχει, καί ποιόν τι τούτων εχει εκάτερον, ειρητ αι λ)
25 'Αναίμων δ’ οντων καί διά τοΰτο κατεφυγμενων καί φοβητικών, ώσπερ ενίοις όταν δείσωσιν ή κοιλία ταράττεται, τοΐς δ’ εκ τής κύστεως ρεΐ περίττωσις, καί τούτοις τοΰτο συμβαίνει μεν εξ
1 [ό θολο'ί] seclusi: 6 om. Ρ.
2 εΐρηται πρότερον Ρ.
° The mytis, which is the same as the mecon, is an excretory organ, and corresponds to the liver. See below, 679 b 11.
b Cf. above, 676 a 32.
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it produces this blackness and muddiness in the water, as it were a shield held in front of the body. Now the Calamaries and Octopuses have this ink-bag in the upper region of the body, quite near the mytisa; whereas in the Sepia it is lower down, against the stomach, since it has a larger supply because it uses it more. This circumstance is due (1) to its living near the land and (2) to its having no other means of defence—nothing like the Octopus, for instance, which has its twining feet, which are useful for this purpose ; it can also change its colour, and it does so (just as the Sepia emits its ink) when put in fear. Of all these, only the Calamary lives well out at sea and gets protection thereby. Hence, compared with it, the Sepia lias a larger supply of ink ; and because this is larger, it is lower in the body, as it is easy for it to be emitted even to a considerable distance when the supply is great. The ink is earthy in its nature, like the white deposit on the excrement of birds, and it is produced by these creatures for the same reason— they, like birds, have no urinary bladderb ; so the earthiest matter is excreted into this ink, especially in the Sepia, for the Sepia contains an exceptionally large amount of earthy matter. An indication of tliis is its bone, which is earthy. The Octopuses do not have this bone, and in the Calamary it is cartilaginous and slight. (We have said why some of these animals have this part and why some have not, and what in each case its character is.)
These animals, as they have no blood, are cold and liable to take fright. While in some other animals fear causes a disturbance of the stomach, and in some the discharge of residue from the bladder, in these creatures its effect is to make them discharge their
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ανάγκης άφιεναι διά δειλίαν, ώσπερ εκ κύστεως τοΐς επονροΰσιν, η δε φύσις άμα τω τοιούτω περιτ-80 τώματι καταχρηται προς βοήθειαν και σωτηρίαν αυτών.
’Έχονσι δε και τα μαλακόστρακα, τα τε καρα-βοειδη και οι καρκίνοι, δυο μεν όδόντας τους πρώτους, και μεταξύ την σάρκα την γλωσσοειδη, ώσπερ εΐρηται και πρότερον, ευθύς δ' εχόμενον του στόματος στόμαχον μικρόν κατο, μεγεθος των 35 σωμάτων [τα μείζω προς τα ελάττω]1· τούτον δε κοιλίαν εχομενην, εφ' ης οι τε κάραβοι και ενιοι των καρκίνων οδόΐ’τα? εχονσιν ετερονς διά τό τούς 679 b άνω μη διαιρεΐν ίκανώς, από δε της κοιλίας εντερον άπλοΰν κατ' ευθύ μόχρι προς την εξοδον του περιττώματος.
'Έχει δε καί των οστρακόδερμων έκαστον ταυτα τα μόρια, τα μεν διηρθρωμενα μάλλον τα δ' ηττον εν δε τοι? μείζοσι διαδηλότερά εστιν εκαστα του-5 των. οι μεν ουν κόχλο ι και όδόντας εχουσι σκληρούς καί οξείς, ώσπερ εΐρηται πρότερον, καί τό μεταξύ σαρκώδες ομοίως τ οΐς μαλακίοις καί μαλα-κοστράκοις, καί την προβοσκίδα, καθάπερ εΐρηται, μεταξύ κέντρον καί γλώττης, του δε στόματος εχόμενον οΐον όρνιθώδη τινα πρόλοβον, τούτου δ’ 10 εχόμενον στόμαχον τούτου δ’ εχεται η κοιλία, εν η ή καλούμενη μήκων, άφ' ης συνεχές εστιν εντερον απλήν την αρχήν όχον από της μηκωνος· εστι γάρ εν πάσι τοΐς όστρακηροΐς περίττωμα τοΰτο τό μάλιστα δοκονν είναι εδώδιμον, εχει δ’ ομοίως τω
1 seclusit Rackham.
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ink ; and though this is an effect due to necessity, like the discharge of urine in the others, yet Nature makes good use of this residue at the same time for the animal’s defence and preservation.
The Crustacea as well, that is, both the Crabs and the Caraboids, have the two front teeth, and between the teeth they have the tongue-like flesh, as has already been stated a ; and immediately next to the mouth they have a gullet which is quite small compared with the animal’s size ; and immediately after that the stomach ; and on this the Carabi and some of the Crabs have another set of teeth, since the upper ones do not masticate the food sufficiently. From the stomach a simply formed intestine runs straight to the vent where residues are discharged.
These parts are present in every one of the Testacea as well, more distinct in some, less in others. They are more clearly marked in the larger animals. Take the Sea-snails. These have (1) as stated already, the teeth, which are hard and sharp, (2) the fleshy object in between them, similarly to the Crustacea and Cephalopods ; (3) the proboscis, as already mentioned,b something between a sting and a tongue ; (4) immediately after the mouth is a sort of bird’s crop, and (5) after that the gullet ; (6) continuous with that is the stomach, and (7) in the stomach is what is known as the mecon0; and (8) attaching to this is an intestine : this intestine begins directly from the mecon. This residue (the mecon) appears to be the most tasty piece in all the Testacea. The other creatures that have spiral shells {e.g. the
0 At 678 b 10. b At 66 1 a 15 ff.
e The hepatopancreas or liver ; see above, 679 a 9.
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15 κόχλω καί ταλλα τα στρομβώδη, οϊον πορφυραι καί κήρυκες.
Έστι δε γένη και είδη πολλά των οστρακόδερμων τα μεν γαρ στρομβώδη εστίν, ώσπερ τα νυν είρημενα, τα δε δίθυρα, τα δε μονόθυρα, τρόπον δε τινα καί τα στρομβώδη διθυροις εοικεν εχει γαρ επιπτύγματ επί τω φανερώ τής σαρκός πάντα τα 20 τοιαΰτα εκ γενετής, οΐον αι τε πορφυραι και κήρυκες καί οι νηρεΐται καί παν το τοιοΰτον γένος, προς βοήθειαν ή γαρ μή ττροβεβληται τό όστρακον, ρόδιον ταύτη βλάπτεσθαι υπό των θύραθεν προσ-πιπτόντων. τα μεν οΰν μονόθυρα διά το προσ-πεφυκεναι σώζεται τω πρανές εχειν το όστρακον, 25 καί γίνεται άλλοτρίω φράγματι τρόπον τινα δί-θυρον, οΐον αι καλούμεναι λεπάδες· τα δε δίθυρα, οΐον κτενες καί μυες, τω συνάγειν, τα δε στρομβώδη τούτω τω επικαλυμματι, ώσπερ δίθυρα γινόμενα εκ μονόθυρων. 6 δ’ εχΐνος μάλιστα πάντων άλεωράν εχει· κύκλω γαρ το όστρακον συνηρεφες καί κε-to χαρακωμενον ταΐς άκάνθαις. ίδιον δ’ εχει των οστρακόδερμων τούτο, καθάπερ εΐρηται πρότερον.
Ύών δε μαλακοστράκων καί των οστρακόδερμων συνεστηκεν ή φύσις τοϊς μαλακίοις άντικειμενως· τοΐς μεν γαρ εξω το σαρκώδες, τοΐς δ’ εντός, εκτός δε τό γεώδες. 6 δ’ εχΐνος ούδεν εχει σαρκώδες. 35 Πάι^τα μεν οΰν εχει, καθάπερ εΐρηται, καί ταλλα τα οστρακόδερμα στόμα τε καί τό γλωττοειδες καί κοιλίαν καί του περιττώματος την εξοδον, διαφέρει α The operculum.
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Purpuras and the Whelks) are similar to the Sea-snails in structure.
There are very many genera and species of Tes-tacea. Some have spiral shells, like the ones just mentioned ; some are bivalves, some univalves. In a way, the spiral shells resemble the bivalves, as they have, all of them, from birth, a covering0 over the exposed part of their flesh, e.g. the Purpuras, the Whelks, the Nerites, and the whole tribe of them. This covering serves as a protection ; for in any place where the animal has no shell to protect it, it could quite easily be injured by the impact of external objects. The univalves’ means of preservation is this: they cling to some object, and have their shell on the upper side ; so they become in a way bivalves in virtue of the borrowed protection afforded by the object to which they cling. Example, the Limpets. The bivalves proper (e.g. Scallops and Mussels) get their protection by closing themselves up ; the spiral-shelled creatures by the coverin»· I mentioned, which, as it were, turns them from univalves into bivalves. The Sea-urchin has a better defence system than any of them : he has a good thick shell all round him, fortified with a palisade of spines. As I stated previously, the Sea-urchin is the only one of the Testacea which possesses this peculiarity.
The natural structure of the Crustacea and of the Testacea is the reverse of that of the Cephalopods. The latter have their fleshy part outside, the former have the earthy part outside and the fleshy inside. The Sca-urchin, hrm’ever, has no fleshy part at all.
All these parts, as described—mouth, tongue-like object, stomach, vent for the residue—are present in the rest of the Testacea too, but they differ in
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680 a δέ τη θέσει και τοΐς μεγέθεσιν. ον Βέ τρόπον έχει τούτων έκαστον, εκ τε των ιστοριών των περί τα ζώα θεωρείσθω και εκ τών ανατομών τα μεν γάρ τω λόγω τα δέ προς την οφιν αυτών σαφηνίζειν Βει μάλλον.
Ίδιους δ’ έχουσι τών οστρακόδερμων οι τ εχΐνοι 6 και το τών καλούμενων τηθύων γένος, έχονσι δ’ οι εχΐνοι όδόντας μεν πέντε και μεταξύ το σαρκώδες, οπερ επί πάντων έστί τών είρημένων, έχόμενον δ« τούτου στόμαχον, από Βέ τούτου την κοιλίαν εις πολλά Βιηρημένην, ώσπερανεί πολλάς του ζώου κοιλίας έχοντος. κεχωρισμέναι μεν γάρ είσι και ίο πλήρεις περιττώματος, έξ ένός δ’ ηρτηνται τοΰ στομάχου καί τελευτώσι προς μίαν έξοδον την τοΰ περιττώματος, παρά Βέ την κοιλίαν σαρκώδες μεν ουδέ ν έχουσιν, ώσπερ ε’ίρηται, τα Βέ καλούμενα ωά πλείω τον αριθμόν εν ύμένι χωρίς έκαστον, καί κύκλω από τοΰ στόματος μέλαν άττα διεσπαρμένα 15 χύδην, ανώνυμα. όντο)ν δέ πλειόνων γενών (ου γάρ εν είδος τών έχίνων πάντων έστί) πάντες μέν εχουσι ταΰτα τα μόρια, άλλ' ούκ εδώδιμα πάντες τα καλούμενα ωά, και μικρά πάμπαν εξω τών έπι-πολαζόντων. ολως δέ τούτο και περί ταλλα συμ-20 βέβηκε τα οστρακόδερμα· καί γάρ αι σάρκες ούχ ομοίως εδώδιμοι πάντων, καί τό περίττωμα, η καλουμένη μήκων, εν ίων μέν εδώδιμος ένίων δ’ ούκ εδώδιμος, έστι δέ τοΐς στρομβώδεσιν εν τη έλίκη * 6
° Hist. An. 528 b 10 ff.
6 This seems to imply that diagrams or illustrations accompanied the treatises.
c These form what is compared to a lantern at Hist. An. 531 a 5, hence the name, “ lantern of Aristotle.”
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their position and size. For the details of these, consult the Researches upon Animalsa and the Dissections. Some points are better explained by inspection6 than in words.
The Sea-urchin and the genus of Ascidians are peculiar among the Testaeea. The Sea-urchin has five teeth,0 and between them it has the fleshy substance (the same as in all the above-mentioned creatures) ; after that, the gullet, after that, the stomach, which is divided into several compartments, so that the animal seems to have several stomachs. But although they arc separated from each other and are full of residue, they all spring from the gullet and they all terminate in the residual vent. Apart from the stomach, these creatures contain no fleshy substance, as I have said. They have, however, what are called ova d ; there arc several of them and each is in a separate membrane ; and scattered at random round the body, beginning from the mouth, are certain black objects,c which have no name. There are several kinds of Sea-urchin, and in all of them these parts are present. Not all, however, have edible·^ ova, and, except in the common'' varieties, they are quite small. There is a similar distinction among the other Testaeea: the flesh is not equally edible in all of them, and in some of them the residue (the so-ealled mecon) is edible, in others not. In the spiral shells, the mecon is in the spiral, in univalves
d These are really ovaries (or testes): gonads.
* These may lie the ambulacral vesicles, but the identification is not certain.
f See the story of the Spartan in Athenaeus iii. 41.
’ The word translated “ common ” may mean “ living near the surface.”
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3	τούτο, τοι ς 8ε μονοθύροις εν τω πυθμενι, οΐον ταΐς λεπάσι, τοΐς 8ε 8ιθύροις προς τή συναφή- το δ’ ωόν 25 καλού μενον εν τοΐς 8εξιοΐς, iv 8ε τοΐς επί θάτερα ή εξοΒος τοΰ περιττώματος τοΐς διθύροις. καλείται δ’ ωόν ούκ όρθώς υπ ο των καλούντων τούτο γάρ εστιν οΐον τοΐς εναίμοις, όταν εύθηνώσιν, ή πιότης. 8ιο καί γίνεται κατά τούτους τούς καιρούς τοΰ ενιαυτού εν οίς εύθηνοΰσιν, εν τε τω εαρι και μετοπώρω- εν γάρ τω φύγει καί ταΐς άλεαις πο-30 νοΰσι πάντα τα 6στρακ68ερμα, καί φέρειν ον 8ύνανται τάς ύπερβολάς. σημεΐον 8ε το συμβαΐνον επί των εχίνων εύθύς τε γάρ γινόμενοι εχουσι καί εν ταΐς πανσελήνοις μάλλον, ον διά το νεμεσθαι καθάπερ τινες οΐονται μάλλον, αλλά διά τό άλεεινο-τερας είναι τάς νύκτας διά τό φως τής σελήνης. 35 8ύσριγα γάρ οντα διά το άναιμα είναι 8εονται άλεας. 8ιό καί εν τω θερει μάλλον πανταχοΰ εύθηνονσιν, 6801πλήν οι εν τω Πνρραίω ενρίπιρ- εκείνοι δ’ ονχ ήττον τοΰ χειμίονος- αίτιον 8ε το νομής εύπορεΐν τότε μάλλον, άπολειπόντων των ιχθύων τούς τόπους κατά ταύτην την ώραν.
"Εχουσι δ’ οι εχΐνοι πάντες ίσα τε τω αριθμώ τα 5 ωά καί περιττά· πόντε γάρ εχουσιν, τοσούτους 8ε καί τούς όδόντας καί τάς κοιλίας, αίτιον δ’ ότι το ωόν εστι, καθάπερ είρηται πρότερον, ούκ ωόν αλλά τοΰ ζώου ευτροφία, γίνεται 8ε τοΰτο επί θάτερα
° This is true of the sea-urchins in the Red Sea, though not of the Mediterranean ones. The former have a cycle corresponding exactly to that of the moon. The five roes, ovaries, or testes are large and swollen during the week preceding each of the summer full moons, and the spawning of the eggs takes place during the few days before and after full moon. For a most interesting- discussion of this and kindred matters 328
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(like limpets) it is in the tip ; in bivalves it is near the hinge. In the bivalves the so-called ovum is on the right-hand side, and the residual vent on the left. “ Ovum ” is a misnomer ; actually it corresponds to fat in blooded creatures when they are in good condition ; and that is why it appears only in spring and autumn, which are the seasons when they are in good condition. In great cold and great heat all the Testacea are hard put to it ; they cannot endure inordinate temperatures. The behaviour of the Sea-urchins is a good illustration of this : they have ova in them as soon as they are born, and at the time of full moon these increase in size a ; and this is not, as some think, because the creatures eat more then, but because the nights are warmer owing to the moonlight. These creatures have need of the heat because they are bloodless and therefore adversely affected by cold. That is why they are in better condition during the summer, and this is true of them in all localities except the strait of Pyrrha,6 where they flourish equally well in Avinter, and the reason for this is that in winter they have a more plentiful supply of foodstuff, due to the fish leaving the district at that season.
The Sea-urchins all have the same number of ova— an odd number, five, identical with the number of teeth and stomachs which they have. This is accounted for by the “ ovum ” not being really an ovum (as I said before) but simply a result of good nourishment. The “ ovum ’’ is found in Oysters too, though see Η. M. Fox, Selene, especially pp. 35 ff., and id. Proc. Hoy. Soc. B., 1923, 95, 523.
b In Lesbos, leading to the lagoon, one of Aristotle’s favourite hunting-grounds : see Hist. An. 544· a 21 (sea-urchin), 548 a 9, 603 a 21, 621 b 12. Cf. Gen. An. 763 b <2.
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μόνον iv τοΐς όστρεοις, το καλούμενου ώον. ταντο δε τουτό εστι καί τό iv τοΐς εχίνοις. επει τοίνυν ίο εστΙ σφαιροειδής ο εχΐνος, και ούχ ώσπερ επι των άλλων όστρέων του σώματος κύκλος εις, ο δ’ εχΐνος ου τή μεν τοιοΰτος τή δ' ου, αλλά πάντη όμοιος (σφαιροειδής γάρ), ανάγκη και τό ωόν ομοίως εχειν ου γάρ εστιν, ώσπερ τοΐς άλλοις, τό κύκλω άν-όμοιον εν μέσω γάρ η κεφαλή πόσιν αύτοΐς, τω δ’ 15 άνω τό τοιοΰτον μόριον, άλλα μην ουδέ συνεχές οΐόν τ είναι τό ωόν—ούδε γάρ τοΐς άλλοις—ἀλλ’ επί θάτερα του κύκλου μόνον. ανάγκη τοίνυν, επεί τούτο μεν απάντων κοινόν, ίδιον δ’ εκείνου είναι τό σώμα σφαιροειδές, μη είναι άρτια τα ωά. κατά διάμετρον γάρ αν ην, διά τό ομοίως δεΐν εχειν τό 20 ενθεν και ένθεν, ει ην άρτια [καί κατά διάμετρον]1· ούτως δ’ εχόντων επ' άμφότερα αν τού κύκλου είχον τό ωόν. τούτο δ’ ονκ ην ούδ' επί των άλλων όστρέων επί θάτερα γάρ της περιφερείας εχουσιτά δστρεα καί οι κτένες τό τοιούτον μόριον, ανάγκη τοίνυν τρία η πέντε είναι η άλλον τιν’ αριθμόν 25 περιττόν, ει μεν οΰν τρία είχε, πόρρω λίαν (αν)8 ην, ει δε πλείω των πέντε, συνεχές άν τούτων δε τό μεν ου βέλτιον, τό δ' ούκ ενδεχόμενον, ανάγκη άρα πέντ αυτούς εχειν τα ωά.
Διά την αυτήν δ* αιτίαν καί ή κοιλία τοιαύτη εσχισται καί τό των οδόντων τοσοΰτόν εστι πλήθος, έκαστον γάρ των ωών, οίον σώμά τι τού ζώου ον, 30 προς τον τρόπον τον τής κοιλίας3 όμοιον έχειν
1 secludenda.	2 <ὰν> Ogle.
3 κοιλίας Ogle: ζωής vulg.
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on one side of the body only ; it is the same as that of the Sea-urchin. Now the Sea-urchin is spherical, and is not just one flat disk like the Oysters ; thus, being spherical, it is not different shapes in different directions, but equiform in all directions ; hence of necessity its “ ovum ” is correspondingly arranged, since this creature’s perimeter is not, as in the others, non-equiform a :	they all have their hecad in the
centre, whereas the Sea-urchin’s is at the top. Yet even so the “ ovum ” cannot be continuous, since no other of the Testacea has it thus ; it is always on one side of the disk only. Hence, since this is a common property of all species of Testacea, and the Sea-urchin is peculiar in having a spherical shape, the result follows of necessity that the Sea-urchins cannot have an even number of ova. If they were even, they would have to be arranged in diametrically opposite positions, because both sides would have to be alike, and then there would be ova on both sides of the circumference ; but this arrangement is not found in any of the other Ostreae ; both Oysters and Scallops have ova on one side only of their circumference. Therefore there must be three, or five, or some other odd number of ova in the Sea-urchin. If there were three, they would be too far apart ; if more than five, they would be quite continuous ; the former would not subserve a good purpose, the latter is impossible. Therefore the Sea-urchin must of necessity have five ova.
For the same cause the creature’s stomach is cloven into five and it has five teeth. Each of the ova, being, as it were, a body belonging to the creature, must conform to the general character of the stomach, e That is, it is circular in all planes, not in one only.
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αναγκαΐον εντεύθεν γαρ η αυξησις. μιας μεν γαρ
οΰσης η πόρρω αν ησαν, η παν αν κατείχε το κύτος, ώστε καί δυσκίνητον είναι τον εχΐνον καί μη πλη-ροΰσθαι της τροφής το άγγεΐον ιτεντε δ’ οντων των διαλειμμάτων ανάγκη προς εκαστω ούσαν 35 πενταχη διηρησθαι. διά την αυτήν δ’ αιτίαν και το των όδόντων εστι τοσοΰτον πλήθος1, το γαρ 681 a δμοιον ούτως αν η φύσις εϊη άποδεδωκυΐα τοΐς είρημενοις μορίοις.
Δι ότι μεν οΰν π€ριττά και τοσαντα τον αριθμόν εχει ὅ εχΐνος τα ωά, ειρηται· διότι δ’ οι μεν πάμπαν μικρά οι Be μεγάλα, αίτιον το θερμότερους είναι την φυσιν τούτους· πεττειν γαρ το θερμόν δυναται 5 την τροφήν μάλλον, διόπερ π€ριττώματος πλήρεις οι άβρωτοι μάλλον, και παρασκευάζει κινητικω-τερους η της φυσεως θερμότης, ώστε νεμεσθαι και μη μενειν εδραίους, σημέΐον δε τούτου τό ύχειν τούς τοιουτους αει τι επί των άκανθων ως κινούμενους πυκνά’ χρώνται γαρ ποσί ταΐς άκάνθαις.
10 Τα δε τηθυα μικρόν των φυτών διαφέρει την φύσιν, όμως δε ζωτικώτερα των σπόγγων ουτοι γαρ πάμπαν εχουσι φυτοΰ δύναμιν, η γαρ φύσις μεταβαίνει συνεχώς άπο τών αφύχων εις τα ζώα διά τών ζώντων μεν ονκ οντων δε ζώων, ούτως ώστε δοκεΐν πάμπαν μικρόν διαφερειν θατερου is θάτερον τω σύνεγγυς άλληλοις. ό μεν οΰν σπόγγος,
1 liinc manus recentior E (=Ε). * 6
α This is true : but motion is effected mainly by the tube-feet, not noticed by Aristotle (vide Ogle).
6 The “ sea-squirts.”
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because growth has its origin from the stomach. Now if there were only one stomach, either the ova would be too far away from it, or the stomach would entirely fill up the cavity, which would make it difficult for the Sea-urchin to move about and to find sufficient food to replenish itself. But, as it is, there are five ova separated by five intervals, and so there must be five departments of the stomach, one for each interval. For the same reason there are five teeth, since this enables Nature to assign one tooth alike to each ovum and each department of the stomach.
I have now stated why the Sea-urchin has an odd number of ova, and why it has five of them. Now some Sea-urchins have quite small ones, and some large : the reason for this is that the latter have a hotter constitution, and the heat enables them to concoct their food better. This explains why the uneatable ones tend to be full of i*esidue. This natural heat also induces the creatures to move about, and so instead of remaining settled in one place they keep on the move as they feed. An indication of this is that Sea-urchins of this sort always have something sticking on to their spines (which they use as feet)/1 which suggests that they are continually moving about.
The Ascidians 6 differ very little in their nature from plants, but they are more akin to animals than the Sponges are, which are completely plants. Nature passes in a continuous gradation from lifeless things to animals, and on the way there are living tilings which are not actually animals, with theresult that one class is so close to the next that the difference seems infinitesimal. Ncnv a sponge, as I said just now, is in
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ώσπερ είρηται, καί τώ ζην προσπεφυκώς μόνον, άπολυθείς δε μη ζην, ομοίως εχει τοΐς φυτοΐς παντ€λώς· τα δε καλούμενα όλοθουρια καί οι πνεύμονες, ετι δε καί ετερα τοιαΰτ εν τη θαλάττη μικρόν διαφέρει τούτων τω άπολελυσθαι- αίσθησιν w μεν yap ούδεμίαν εχει, ζη δ’ ώσπερ όντα φυτά άπολελυμενα. εστι δε καί εν τοΐς επιγείοις φυτοΐς ενια τοιαϋτα, α καί ζη καί γίνεται τα μεν εν ετεροις φυτοΐς, τα 8e καί άπολελυμενα, οΐον καί τό εκ του ΐίαρνασσοΰ καλούμενον υπό τινων επίπετρον τούτο γαρ ζη πολύν χρόνον κρεμάμενον άνω επί των 25 παττάλων. εστι δ’ οτε καί τα τηθυα, καί ει τι τοιοΰτον ετερον γένος, τω μεν προσπεφυκός ζην μόνον φυτω παραπλήσιον, τω δ’ εχειν τι σαρκώδες δόξειεν αν εχειν τιν’ αίσθησιν άδηλον δε τούτο ποτερως θετεον.
Έχει δε τούτο τό ζωον δυο πόρους καί μίαν 30 διαίρεσιν, η τε δέχεται την υγρότητα την εις τροφήν, καί η πάλιν διαπέμπει την ύπολειπομενην ικμάδα· περίττωμα γαρ ουδεν εστι δηλον 0χον, ώσπερ τάλλα τα οστρακόδερμα, διό μάλιστα καί τούτο, καν ε’ί τι άλλο τοιοΰτον των ζωων, φυτικόν δίκαιον καλεΐν ουδέ γαρ των φυτών ουδεν εχει 35 περίττωμα, διά μέσου δε λεπτόν διάζωμα, εν ω τό κύριον ύπάρχειν εύλογον της ζωής. ας δε καλοΰσιν οι μεν κνίδας οι δ’ άκαλήφας, εστι μεν ούκ 681 b οστρακόδερμα, <χλλ’ εξω πίπτει τών δηψημένων γενών, επαμφοτερίζει δε τοΰτο καί φυτω καί ζώω * *
° Or “ sea-cucumbers.”
* The precise reference of this term is not known. e Sea-anemones, called by the Greeks “ sea-nettles.” 334
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all respects like a plant : it lives only while it is growing on to something, and when it is pulled off it dies. What are called Holothuria and the Sea-lungs0 and other similar sea-animals differ only slightly from the sponges in being unattached. They have no power of sensation, but they live just as if they were plants unattached to the soil. Even among land-plants such instances exist : living and growing either on other plants or quite unattached : for example, the plant found on Parnassus, sometimes called the Epipetron (Ilockplant). If you hang this up on the pegsb it will keep alive for a considerable time. Sometimes it is doubtful -whether these Ascidians and any other such group of creatures ought to be classed as plants or as animals : In so far as they live only by growing on to some other object they approach the status of a plant ; but yet they have some fleshy substance and therefore probably are capable of sensation of a kind.
This particular creature (the Ascidian) has two orifices and one septum ; by one orifice it takes in fluid matter for food, by the other it discharges the surplus moisture ; so far as can be seen it has no residue like the other Testacea. And as no plant ever has any residue this is a strong justification for classing it (and any other such animal) as a plant. Through its middle there runs a thin partition, and it is reasonable to suppose that the governing and vital part of the creature is situated here. As for what are called Knides or Acalephae,0 they are not Testacea, it is true, but fall outside the defined groups. In their nature they incline towards the plants on one side
Those common to the Mediterranean are more virulent in their stinging powers than those of the north.
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την φύσιν. τω μεν γάρ άπολύεσθαι καί προσ-πίπτειν προς την τροφήν evicts αυτών ζωικόν έστι, 5 καί τω αίσθάνεσθαι των προσπιπτόντων έτι he τη τοΰ σώματος τραχύτητι χρήται προς την σωτηρίαν τω δ’ areAes· είναι καί ιτροσφύεσθαι ταχέως ταΐς πέτραις τω γένει των φυτών παραπλήσιον, καί τω π€ρίττωμα μηδέν εχειν φανερόν, στόμα δ’ έ'χειν. δμοιον δέ τούτου καί τό των αστέρων έστϊ γένος— ίο και γάρ τοΰτο προσπΐπτον εκχυμίζει πολλά των όστρέων—τοΐς τ’ άπολελυμένος των είρημένων ζώων, οΐον τοΐς τε μαλακίοις και τοΐς μαλακόστρακος. 6 8’ αντος λόγος και περί των οστρακόδερμων.
Τα μέν οΰν μόρια τα περί την τροφήν, α’.περ άναγκαΐον πόσιν ύπάρχειν, έχει τον προειρημένοι· 15 τρόπον, δει δε δηλονότι καί των τοΐς έναίμοις υπαρχόντων κατά τό κύριον των αισθήσεων έχειν άνάλογόν τι μόριον τούτο γάρ δεΐ πόσιν ύπαρχειν τοΐς ζώοις. έστι δέ τούτο τοΐς μέν μαλακίοις εν ύμένι κείμενον υγρόν, δι’ ουπερ ό στόμαχος τεταται προς την κοιλίαν, προσπέφυκε δέ προς τα πρανή 20 μάλλον, καί καλείται μύτις υπό τινων. τοιοΰτον δ’ έτερον καί τοΐς μαλακόστρακος έστί, καί καλείται κάκεΐνο μυτς. εστι δ’ υγρόν καί σωματώδες άμα τ οΰτο τό μόριον, τείνει δέ δι’ αύτοΰ, καθάπερ εΐρηται, διά μέσου μέν ο στόμαχος' ει γαρ ην μεταξύ τούτου καί τοΰ πρανούς, ούκ αν ήδύνατο 25 λαμβάνειν ομοίως διάστασιν είσιούσης της τροφής διά την τοΰ von ου σκληρότητα, επί δέ τής μύτιδος τό έντερον έξωθεν, καί ό θολός προς τω εντερω,
336
° That is, dorsal.
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and the animals on the other. Towards the animals, because some of them detach themselves and fasten upon their food, and are sensible of objects that come up against them ; and also because they make use of the roughness of their body for self-preservation. Towards the plants, because they are incomplete, and quickly attach themselves to rocks ; and further, because they have no residue that can be seen, though they have a mouth. The group of Starfish resembles these creatures ; Starfish too fasten on to their food, and by doing this to oysters suck large numbers of them dry. But Starfish also resemble those unattached creatures of which we spoke, the Cephalopods and the Crustacea. The same may be said of the Testacea.
The parts connected with nutrition are such as I have now described. These must of necessity be present in all animals. ]>ut there is yet another part which every animal must have. These creatures must have some part which is analogous to the parts which in blooded animals are connected Avith the control of sensation. In the Cephalopods this consists of a fluid contained in a membrane, through whieh the gullet extends towards the stomach. It is attached to the body rather towards the upper a side. Some call it the mytis. An organ just like this, also called the mytis, is present in the Crustacea. This part is fluid and corporeal at the same time. The gullet, as I said, extends through the middle of it. If the gullet had been placed between the mytis and the dorsal side, the gullet would not have been able to distend sufficiently when tlie food enters, owing to the hardness of the back. The intestine is placed up against the outer surface of the mytis, and the ink-bag
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όπως οτ ι πλεΐστον άπέχη της εισόδου καί το δυσχερές άποθεν ή του βελτί'ονος καί της αρχής, οτι δ’ εστι το άνάλογον τη καρδία τούτο το μορών, 80 δηλοΐ ο τόπος (οντος γάρ έστιν ό αντος) και η γλυκότης της ύγρότητος ως ουσα πεπεμμενη καί αιματώδης.
Ει' δε τοΐς όστρακοδέρμοις εχει μεν τον αυτόν τόπον1 τό κύριον της αίσθήσεως, ηττον δ’ έπίδηλον. πλήν δει ζητ€ΐν αει περί μεσότητα ταυτην την αρχήν, όσα μεν μόνιμα, του δεχόμενου μόριον την 35 τροφήν, και δι ον ποιείται την άπόκρισιν η την σπερματικήν η την περιττωματικην, όσα δε 682 a καί. πορευτικά των ζώων, αεί εν2 τω μεσω των δεξιών και των αριστερών.
Ύοΐς δ’ εντόμοις τό μεν της τοιαύτης αρχής μόριον, ώσπερ εν τοΐς πρώτοις ελέχθη λόγοις, μεταξύ κεφαλής και του περί την κοιλίαν εστι κύτους, τοΰτο δε τοΐς μεν πολλοΐς έστιν εν, τοΐς 5 §€ πλείω, καθάπερ τοΐς ίονλώδεσι και μακροΐς· διόπερ διατεμνόμενα ζή. βούλεται μεν γάρ ή φύσις εν πάσι μόνον εν ποιεΐν τό τοιοΰτον, καί δνναμενη μεν ποιεί μόνον εν, ου δυναμενη δε πλείω.3 δήλον δ’ εν ετεροις ετέρων μάλλον.
Τα δε π ρος την τροφήν μόρια ου πόσιν ομοίως, 10 άλλα διαφοράν έχει πολλήν. εντός γάρ τού στόματος ενίοις μεν εστι τό καλονμενον κέντρον, ώσπερανεί σύνθετον και έχον γλώττης καί χειλών
1 τόπον Rackham : τρόπον vulg.	2 έν Ρ : om. vulg.
3 sic SUY (δυνάμωνα bi-S S) : καί δυναμένην μιν, εν ποιεί μόνον ού δυναμει·η δε πλείω Ζ : ου δυναμενη δ’ ενεργεία ποιεί μόνον εν, δυνάμει δἱ πλείω- vulg. (cf. 667 b 25).
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up against the intestine ; this is to ensure that it and its unpleasantness are kept as far as possible from the body’s entrance and from the sovereign and most noble part. The mytis occupies a place which corresponds exactly with that of the heart in blooded creatures : which shows that it is the counterpart of it.a Another proof of this is that the fluid in it is sweet—that is, it has undergone concoction and is of the nature of blood.
In the Testacea the part which rules sensation occupies the same place but is not so easy to pick out. But tliis source of control should always be looked for around some middle position in these creatures : in stationary ones, in the midst between the part which receives the food and the part where the seed or the residue is emitted ; and in those which move about, always midway between the right side and the left.
In insects the part where this control is placed, as was said in the first treatise,6 is situated between the head and the cavity where the stomach is. In the majority there is one such part, but in creatures like the Centipede, that is, which are long in the body, there are more than one : so if the creatures are cut up they go on living. Now Nature’s desire is to make this part a unity in all creatures, and when she can, she makes it a unity, when she cannot, a plurality.0 This is clearer in some cases than in others.
The parts connected with nutrition arc by no means alike in all insects ; indeed they exhibit great differences. For instance :	Some have what is
known as a sting inside the mouth—a sort of combination of tongue and lips,—which possesses the
e The heart of invertebrates escaped the notice of Aristotle.
* At Hist. An. 531 b 34.	c Cf. 667 b 22 ff.
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άμα δύναμιν τοΐς δέ μη έχουσιν έμπροσθεν τδ κέντρον εστιν εντός των οδόντων τοιοΰτον αισθητήριον. τούτον δ’ έχόμενον πόσιν εντερον ευθύ και 15 άπλοΰν μέχρι της εξόδου του περιττώματος· ενίοις δε τοΰτο ελίκην 'έχει, τα δέ κοιλίαν μετά τό στόμα, από δε της κοιλίας τό εντερον είλιγμένον, όπως όσα βρωτικώτερα καί μείζω την φύσιν υποδοχήν εχη πλείονος τροφής, τό δε των τεττίγων γένος Ιδίαν εχει μάλιστα τούτων φύσιν τό γάρ αυτό 20 μόριον έχει στόμα και γλωττον συμπεφυκός, δι ου καθαπερεϊ διά ρίζης δέχεται την τροφήν από των υγρών, πάντα μεν ονν εστιν όλιγότροφα τα έντομα των ζώων, ούχ οϋτω διά μικρότητα ως διά φυχρότητα (τό γάρ θερμόν καί δεΐται τροφής καί πέττει την τροφήν ταχέως, τό φυχρόν ά-25 τροφον), μάλιστα δε τό των τεττίγων γένος■ ικανή γάρ τροφή τω σώματι η εκ του πνεύματος ύπο-μένουσα ύγρότης, καθάπερ τοΐς εφημέροις ζώοις (γίνεται Se ταΰτα περί τον Πόντον), πλην εκείνα μεν ζη μιας ημέρας χρόνον, ταΰτα δε πλειόνων μεν ημερών, ολίγων δε τούτων.
30 Έπεί δε περί τών εντός υπαρχόντων μορίων τοΐς ζώοις εϊρηται, πάλιν περί τών λοιπών τών εκτός έπανιτέον. άρκτέον δ’ από τών νυν είρημένων, ἀλλ’ ούκ άφ' ών άπελίπομεν, όπως από τούτων διατριβήν έλάττω εχόντων επί τών τελείων καί εναίμων ζώων 6 λόγος σχολάζη μάλλον.
35 VI. Τα μεν οΰν έντομα τών ζώων ου πολυμερή μεν τον αριθμόν εστιν, όμως δ’ έχει προς άλληλα 340
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character of both. Those that have no sting in front have a sense-organ of that sort behind the teeth.
After the mouth, in all insects comes the intestine, which is straight and simple right up to the residual vent. (Sometimes, hcnvever, it has a spiral in it.)
And some there are which have the stomach next after the mouth, Avhile from the stomach runs a twisted intestine ; this gives the bigger and more gluttonous insects room for a larger amount of food.
Of all these creatures the grasshoppers are the most peculiar. In them the mouth and tongue are united so as to make one single part, and through this they draAv up their nourishment from fluid substances as through a root. All insects take but little nourishment ; and this is not so much because they are small as because they are cold. (Heat needs nourishment and quickly concocts it ; cold needs none.)
This is most marked in the grasshoppers. They find sufficient nourishment in the moisture which the air deposits ; so do the one-day creatures -which occur around the Black Sea. Still, they live only for the space of a day ; whereas the grasshoppers live for several, though not many, days.
Now that we have spoken of the internal parts of animals, we must go back and deal with the remainder of the external parts. We had better begin with the creatures of which we have just been speaking, and not go back to the point where we left the external parts. This will mean that we take first those which need less discussion, and that will give more time for speaking of the “ perfect ” animals, i.e. the blooded ones.
VI.	Insects first, then. Though their parts are not External numerous, insects differ from one another. They all bloodless
on animals.
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have numerous feet; this is in order to make their (α) insects, motion quicker, and to counteract their natural slowness and coldness. Those which are most subject to coldness owing to their length (e.g. the Centipedes) have the greatest number of feet. Furthermore, these creatures have several sources of eontrol; and on that account they have the “ insections ’’ in their bodies, and the numerous feet which are plaeed in precise correspondence.
Those that have fewer feet are winged by way of compensation. Some of these flying insects live a wandering life and have to go abroad in search of food ; so they have a light body and four wings, two on either side ; such are the bees and the kindred tribes. The small ones have only two wings all told —like the flies. Those that are heavy and sedentary in their habits have the larger number of wings like the bees, but they have shards round their wings (e.g. the Mclolonthae® and similar insects) to preserve them in their proper condition ; for, as these creatures are sedentary, their wings arc more liable to be destroyed than those of the nimbler insects ; and that is why there is this protection round them.
An insect’s wing is not divided, and it has no shaft.
In fact, it is not a wing at all, but a membrane of skin, which being dry detaches itself of necessity from the creature’s body ;is the fleshy part cools off.
I have already stated some reasons why these creatures have “ insected ” bodies : there is another, viz. it. is so that they may curl up and thus escape injury and remain safe. It is the long ones that roll themselves up, and this would be impossible for them if they were not insected. Those that do not roll up α Perhaps cockchafers (Ogle).
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ελικτά αυτών σκληρύνεται μάλλον συνιόντα εις τάς 25 τομάς. δήλον δε τοΰτο γίνεται θιγγανόντων, οΐον επί των καλούμενων κανθάρων φοβηθεντα γάρ άκινητίζει, και το σώμα γίνεται σκληρόν αυτών, άναγκαΐον δ’ εντόμοις αύτοΐς είναι· τοΰτο γάρ εν τη ουσία αυτών υπάρχει το πολλάς εχειν άρχάς, και so τ αυτή προσεοικε τοΐς φυτοΐς. ώσπερ γάρ τά φυτά, και ταΰτα διαιρούμενα δύναται ζην, πλην ταΰτα μεν μέχρι τινός, εκείνα δε και τέλεια γίνεται την φύσιν και δύο εξ ενός καί πλείω τον αριθμόν.
’Ύόχει δ’ ενια τών εντόμων και κέντρα προς βοήθειαν τών βλαπτόντων. τό μεν οΰν κέντρον S5 τοι? μεν έμπροσθεν εστι τοΐς δ’ όπισθεν, τοΐς μεν έμπροσθεν κατά την γλώτταν, τοΐς δ’ όπισθεν κατά τό ούραΐον. ώσπερ γάρ τοΐς ελεφασι τό τών οσμών αισθητήριον γεγενηται χρήσιμον πρός τε 6S3 a την αλκήν καί την τής τροφής χρήσιν, ούτως τών εντόμων ενίοις τό κατά την γλώτταν τεταγμενον αισθάνονται τε γάρ τούτω τής τροφής καί άναλαμ-βάνουσι καί προσάγονται αυτήν, όσα δε μη εστιν αυτών εμπροσθόκεντρα, οδόντας εχει τά μεν 6 εδωδής χάριν τά δε του λαμβάνειν καί προσάγεσθαι την τροφήν, οΐον οι τε μύρμηκες καί τό τών μελιτ-τών πασών γένος, όσα δ’ όπισθόκεντρά εστι, διά τό θυμόν εχειν όπλον εχει τό κέντρον, εχουσι δε τά μεν εν εαυτοΐς τά κέντρα, καθάπερ αι μελιτται καί οι σφήκες, διά τό πτηνά είναι· λεπτά μεν γάρ ίο όντα καί όξω εϋφθαρτα ζάν)1 ήν ει δε παχεα ή ν2 ώσπερ τοΐς σκορπίοις, βάρος αν παρεΐχεν. τοΐς δε
1 <ὰν> Ogle.
SU
δέ παχέα ήν Platt: δ’ άπίΐχίν vulg.
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increase their hardness by closing up the insections. This is obvious if you touch them—e.g. the insects called Canthari (dung-beetles) are frightened when touched and become motionless, and their bodies become hard. But also it is necessary for them to be insected, for it is of their essential being to have numerous sources of control; and herein they resemble plants. Plants can live when they are cut up ; so can insects. There is a difference, however, for whereas the period of survival of a divided insect is limited, a plant can attain the perfection of its nature when divided, and so two plants or more come out of one.
Some of the insects have a sting as well, for defence against attackers. In some the sting is in front, by the tongue ; in others it is behind at the tail-end. Consider the elephant’s trunk : this is its organ of smell ; but the elephant uses it as a means of exerting force as well as for the purposes of nutrition. Compare with this the sting of insects : when, as in some of them, it is ranged alongside the tongue, not only do they get their sensation of the food by means of it, but they also pick up the food with it and convey it to the mouth. Those which have no sting in front have teeth ; which some of them use for eating, others for picking up the food and conveying it to the mouth, as do the ants and the whole tribe of bees. Those that have a sting at the back are fierce creatures and the sting serves them as a weapon. Sometimes the sting is well inside the body, as in bees and wasps. This is because they are winged, and a delicate sting on the outside of the body would be easily destroyed ; on the other hand, a thick one such as scorpions have would wcigli them down. Scorpions
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σκορττιοιζ πεςους ουσι και κέρκον1 εχουσιν αναγ-καΐον επί τανττf εχειν τό κέντρον, η μηθεν χρήσιμον είναι προς την αλκήν. Βίπτερον δ’ ούθεν εστιν όπισθόκέντρον Βία το ασθενή γάρ και μικρά είναι is Βίπτερά εστιν ίκανα γαρ τα μικρά αϊρεσθαι ύπό των ελαττόνων τον αριθμόν. Βία τ αυτό Βε τούτο καί έμπροσθεν εχει το κέντρον ασθενή γάρ όντα μόλις Βνναται τοΐς όπισθεν3 τυπτειν. τα δε πολυπτερα, Βία τό μείζω την φύσιν είναι, πλειόνων τετνχηκε πτερών και Ισχύει τοΐς όπισθεν μορίοις. 20 βελτιον δ’ ενδεχόμενόν μη ταντο όργανον επι άνομοίας εχειν χρήσεις, αλλά το μεν αμυντικόν όζντατον, τό Βε γλωττικόν σομφόν καί σπαστικόν τής τροφής. όπου γάρ ενΒεχεται χρήσθαι Βυσιν επι δ if έργα και μή εμποΒίζειν προς ετερον, ουΒεν ή φύσις εΐωθε ποιεΐν ώσπερ ή χαλκευτική 25 π ρος εύτελειαν όβελισ κολυχνιον άλλ’ όπου μή ενΒεχεται, καταχρήται τω αύτώ επι πλείω έργα.
Τού? δε πόΒας τους προσθίους μείζους ενια τούτων εχει, όπως επειΒή διά τό σκληρόφθαλμα είναι ουκ ακριβή τήν όφιν εχουσι, τα προσπίπτοντα τοΐς προσθίοις άποκαθαίρωσι σκελεσιν όπερ καί φαί-so νονται ποιοΰσαι αι τε μυΐαι καί τα μελιττώΒη των ζώων αει γάρ χαρακίζουσι τοΐς προσθίοις σκελεσιν. τα δ’ οπίσθια μείζω των μέσων Βιά τε τήν βάΒισιν καί προς τό αϊρεσθαι ραον από τής γης άναπετ-
1 κέρκον Ζ (coniecerat Ogle) : κέντρον vulg.
2 ταΰττ) Oc:le : ταΰτ vulg.
3 όπισθεν Ogle, Thurot : έμπροσθεν Vlllg.
° The principle of “ division of labour ” in a living organism, not stated again until 1827 (by Milne Edwards). See Ogle’s note.
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themselves, being land-creatures and having a tail, are bound to have their sting on their tail ; otherwise it would be no use for exerting force. No two-M’inged insect has a sting at the rear ; these are small weak creatures, and can be supported by a smaller number of wings : that is why they have only two. The same reason explains why they have their sting in the front: owing to their weakness they cannot well deliver a blow with their hind parts. Manywinged creatures, on the other hand, owe their greater number of wings to their own greater size, and so too their hind parts are stronger and bear the sting. It is better, when it is possible,that one and the same organ should not be put to dissimilar uses ; that is. there should be an organ of defence which is very sharp, and another organ to act as a tongue, which should be spongy and able to draw up nourishment. And thus, whenever it is possible to employ two organs for two pieces of work without their getting in each other’s way, Nature provides and employs two.® Her habits are not those of the coppersmith λυΙιο for cheapness’ sake makes you a spit-and-lampstand combination. Still, where two arc impossible, Nature employs the same organ to perform several pieces of work.
Some insects, whose eyesight is not distinct owing to their eyes being made of some hard substance, have specially long forefeet, -which enable them to clear away anything that comes down on to the eyes. Flies ancl bees and the like are obvious examples : they are always crossing their front legs. These creatures’ hind legs are longer than their middle ones for two reasons : (1) to assist them in Λναΐΐΰι^, and (2) to lift them more easily off the ground when they m	34,7
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όμενα. όσα 8e πηδητικά αυτών ετι μάλλον τούτο φαν€ρόν, οΐον αι τ’ ακρίδες καί το των φύλλων 35 γόνος· όταν γάρ κάμφαντ εκτείνη πάλιν, άναγκαΐον από της γης ήρθαι. ούκ έμπροσθεν δ’ άλΛ’ 683 b όπισθεν μόνον εχουσι τα πηδαλιώδη αι άκρίδες-την γάρ καμπήν άναγκαΐον είσω κεκλάσθαι, των δε προσθίων κώλων ούδεν εστι τοιοΰτον. εζάποδα δε τα τοιαΰτα πάντ εστι συν τοΐς άλτικοΐς μορίοις.
VII.	Ύών δ7 οστρακόδερμων ούκ εστι τό σώμα β πολυμερές, τούτου δ’ αίτιον τό μόνιμον αυτών είναι την φύσιν πολυμερεστερα γάρ άναγκαΐον είναι τών ζώων τα κινητικά διά το (πλείουςΥ είναι αυτών πράξεις- οργάνων γάρ δεΐται πλειόνων τα πλειόνων μετεχοντα κινήσεων, τούτων δε τά μεν άκίνητα πάμπαν εστι, τά δε μικράς μετεχει κιλό νησεως- άλλ’ η φύσις προς σωτηρίαν αύτοΐς την τών οστράκων σκληρότητα περιεθηκεν. εστι δε τά μεν μονόθυρα τά δε δίθυρα αυτών, τά δε στρομ-βώδη, καθάπερ είρηται πρότερον- καί τούτων τά μεν ελίκην εχοντα, οΐον κηρυκες, τά δε σφαιροειδή μόνον, καθάπερ τό τών εχίνων γένος. καί τών 15 δίθυρων τα μεν εστιν άναπτυκτά, οΐον κτε'νες καί μυες (επί θάτερα γάρ συγκεκλεισται, ώστε άν-οίγεσθαι επί θάτερα και συγκλείεσθαι), τά δ’ επ' άμφω συμπεφυκεν, οΐον τό τών σωλήνων γένος, άπαντα δε τά οστρακόδερμα, καθάπερ τά φυτά, 20 κάτω την κεφαλήν άγει. τούτου δ’ αίτιον ότι κάτωθεν λαμβάνει την τροφήν, ώσπερ τά φυτά ταΐς ρίζαις. συμβαίνει ου ν αύτοΐς τα μεν κάτω άνω εχειν, τά δ’ άνω κάτω. εν ύμενι δ’ εστι, δι7 1 (πλείους) Peck: (πολλάς) Platt.
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rise in flight. This peculiarity is even more noticeable in the leaping insects, such as locusts and the various sorts of fleas, which first bend their hind legs and then stretch them out again, and this forces them to rise up from the ground. The rudder-shaped legs which locusts have are at the rear only and not in front ; this is because the joint must bend inwards,® and no front limb satisfies this condition. All these creatures ha\re six feet, inclusive of the parts used for leaping.
VII.	In Testacea the body is not divided into (&) Testacea. several parts, owing to their being of stationary habits, as opposed to creatures which move about: the latter are bound to have more parts to their body because their activities are more numerous, and the more motions of which a species is capable, the more organs it requires. Now some of the Testacea are altogether stationary : others move about but little ; and so, to keep them safe, Nature has compassed them about -with hard shells. Some of them are (as I said earlier b) one-valved, some two-valved ; and some conical, either spiral like the \Vhelks, or spherical like the Sea-urchins. The two-valved shells are divided into (a) those which open—i.e. which have a joint on one side and can open and shut on the other ; e.g. the scallops and mussels ; (6) those -which are joined together on both sides, e.g. the group of razor-fishes. In all Testacea, just as in plants, the head is down below. The reason for this is that they take up their food from below, as plants take it up by their roots ; so they have their nether parts above and their upper parts below. These creatures are enveloped in a membrane, and through this they strain fresh-
• See note on 693 b 3, p. 433.	* At 679 b 16.
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οΰ διηθεί τό πότιμον καί λαμβάνει την τροφήν, εχει δε κεφαλήν μεν πάντα, τα δε τ οΰ σώματος μόρια παρά τό της τροφής δεκτικόν ανώνυμα τάλλα.
25 VIII. Τα 8e μαλακόστρακα πάντα και πορεντικά, διό π οδών εχει πλήθος, εστι δε γένη μεν τετταρα τα μεγιστ αυτών οι τε καλούμενοι κάραβοι καί αστακοί καί καρίδες καί καρκίνοι· τούτων δ’ εκάστου πλείω είδη εστί διαφεροντα ου μόνον κατά 30 την μορφήν άλλα καί κατά τό μεγεθος πολύ· τα μεν γάρ μεγάλα τα δε μικρά πάμπαν αυτών εστιν. τα μεν οΰν καρκινώδη καί καραβώδη παρόμοι εστί τω χηλάς εχειν άμφότερα. ταύτας δ’ ου πορείας εχουσι χάριν, αλλά προς τό λαβεΐν καί κατασχεΐν αντί χειρών. διό καί κάμπτουσιν εναν-35 τίως ταύτας τοΐς πόσιν τούς μεν γάρ επί τό κοΐλον τάς δ’ επί τό περίφερες κάμπτουσι καί ελίσσουσιν οΰτω γάρ χρήσιμα ι προς τό λαβοΰσα ι προσφερεσθαι 684 a την τροφήν.
Αιαφερουσι δ’ ή οι μεν κάραβοι εχουσιν ουράν, oi καρκίνοι ούκ εχουσιν ουράν τοΐς μεν γάρ διά τό νευστικοΐς είναι χρήσιμος ή ουρά (νεουσι γάρ άπερειδόμενοι οΐον πλάταις αύταΐς), τοΐς δε καρ-5 κίνοις ούδεν χρήσιμον διά τό πρόσγειον είναι τον βίον1 αυτών καί είναι τρωγλοδύτας. όσοι δ’ αυτών πελάγιοι είσι, διά τούτο πολύ αργότερους εχουσι τούς πόδας2 προς την πορείαν, οΐον α'ί τε μαΐαι καί οι Ήρακλεωτικοί καλούμενοι καρκίνοι, ότι ολίγη κινήσει χρώνται, ἀλλ’ ή σωτηρία αύτοΐς ίο τω όστρειώδεις είναι γίνεται· διό αι μεν μαΐαι
1 τὰ βίον Bekker per typothetae errorem.
2	αυτών post πόδα? vulg. s om, Y.
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water to drink, which is their way of taking nourishment. All of them possess a head, but except for the part which takes in the food none of the other parts has a special name.
VIII.	All the Crustacea can walk on land as well as (c) Cnu-swim; and hence they all have numerous feet. There tacea‘ are four main groups of Crustacea, called (l) Carabi;
(2) Astaci; (3) Carides; and (4·) Carcini.0 Each of these contains several species which differ not only in shape, but also in size, and that considerably, for some species are large, others extremely small. The Carcinoid and the Caraboid Crustacea resemble each other, in both having claws. These claws are not for the sake of locomotion, but serve instead of hands, for catching and holding ; and that is why they bend in an opposite direction to the feet, which bend and twist toward the concave side, while the claws bend toward the convex side. This makes the claws serviceable for catching hold of the food and conveying it to the mouth.
The two groups, Carabi and Carcini, differ in that the former have a tail and the latter have not. The Carabi find a tail useful because they are swimmers : they propel themselves with it as though with oars.
A tail would be useless to the Carcini, which spend their lives near the land and creep into holes and crannies. Those that live out at sea and move about but little, and owe their safety to their shelly exterior, have for these reasons feet which are considerably less effective for locomotion : examples of this are the
° Roughly, these four divisions may be represented by our own groups, thus : (1) lobsters ; (2) crayfish; (3) prawns and shrimps ; (4·) crabs.
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λεπτοσκελεΐς, οι δ’ 'Hpa/cAeom/cot μικροσκελείς εΐσίν.
ΟΙ δε πάμπαν μικροί καρκίνοι, οι άλίσκονται εν τοΐς μικροΐς ίχθυδίοις, εχουσι τούς τελευταίους πλατείς πόδας, ϊνα προς το νεΐν αύτοΐς χρήσιμοι ώσιν, ώσπερ πτερύγια η πλάτας εχοντες τούς πόδας.
At δε καρίδες των μεν καρκινοειδών διαφερουσι 15 τω εχειν κέρκον, των δε καραβοειδών διά το μη όχειν χηλός· ας ου κ εχουσι διά τό πλείους όχειν πόδας, ενταύθα γάρ η εκεΐθεν άνηλωται αΰξησις. πλείους δ’ εχουσι πόδας, ότι νευστικώτερά εστιν η πορευτικώτερα.
Τα δ’ εν τοΐς ύπτίοις μόρια καί περί την κεφαλήν τα μεν εις το δέξασθαι το ύδωρ καί άφεΐναι 20 εχουσι βραγχοειδη· πλακωδεστερα δε τα κάτω αι θηλειαι των άρρενων καράβων εχουσι, καί τα εν τω επιπτύγματι δασύτερα αι θηλειαι καρκίνοι των άρρενων, διά τό εκτείνειν τα ωά προς αυτά, αλλά μη άποθεν, ώσπερ οι ιχθύες καί τάλλα τα (ωά)1 τίκτοντα- εύρυχωρεστερα γάρ όντα καί μείζω 25 χώραν έχει τοΐς ωοΐς μάλλον, οι μεν οΰν κάραβοι καί οι καρκίνοι πάντες την δεξιάν εχουσι χηλην μείζω καί ίσχυροτέραν τοΐς γάρ δεξιοΐς πάντα πεφυκε τα ζώα δράν μάλλον, η δε φύσις άποδίδω-σιν αει τοΐς χρησθαι δυναμενοις έκαστον η μόνως η μάλλον, οΐον χαυλιόδοντα? και όδόντας καί eo κέρατα καί πλήκτρα καί πάντα τα τοιαΰτα μόρια, όσα προς βοήθειαν καί αλκήν εστιν.2
Οι δ’ αστακοί μόνοι, όποτέραν αν τύχωσιν εχουσι μείζω τών χηλών, καί αί θηλειαι καί οι
1	<ὥὰ> Peck: τηκοντα S : κυΐσκοντα ΡΥ: ὥοτοκονντα Ogle.
2	ἔστιν Peck: eioiv vulg.
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Maiaea (whose legs are thin) and the crabs called Heracleotic (whose legs are short).
The little tiny crabs, which are found among the catch with small fishes, have their hindmost feet flat, like fins or oars, to make them useful for swimming.
The Carides differ from the Carcinoids in having a tail, and from the Caraboids just mentioned in not having claws. Claws are absent because they have more feet : the material for their growth has gone into the feet. And they have more feet because they swim about more or move about more.
As for the parts on the underb surface around the head, in some animals these are formed like gills so as to let in the water and to discharge it ; the lower parts, however, of female crabs are flatter in formation than those of male ones, and also the appendages on the flap are hairier. This is because they deposit their eggs there instead of getting rid of them, as the fishes and the other oviparous animals do. These appendages are wider and larger and so can provide more space for the eggs. In all the Carabi and in all the Carcini the right claw is bigger and stronger than the left. This is because all animals in their activities naturally use the right side more ; and Nature always assigns an instrument, either exclusively or in a better form, to those that can use it. This holds good for tusks, teeth, horns, spurs and all such parts which serve animals for assistance and offence.
In Lobsters only, whether male or female, it is a matter of chance which daw is the bigger. The
° Probably the spiny spider-crab.
6 That is, ventral.
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684 3 ν	„	ο,	v „	. v w
αρρενες. αίτιον δε του μεν εχειν χηλας οτι εν τω 85 γένεί είσί τω έχοντι χηλάς· τούτο δ' άτάκτως 684 b έχουσιν οτ ι πεπήρωνται καί ου χρώνται έφ’ ο πεφύκασιν, άλλα πορβίας χάριν.
Καθ' 'έκαστον δε των μορίων, τις η θέσις αυτών καί τινες διαφοραί προς άλληλα, των τ' άλλων και τινι διαφέρει τα άρρενα των θηλειών, εκ τε των 5 ανατομών θεωρείσθω και εκ τών Ιστοριών τών περί τα ζώα.
IX.	Των δε μαλακίων περί μεν τών εντός εϊρηται πρότερον, ώσπερ και περί τών άλλων ζώων εκτός δ’ έχει τό τε τοΰ σώματος κύτος, άδιόριστον ον, καί τούτου πόδας έμπροσθεν περί την κεφαλήν, εντός μεν τών οφθαλμών, περί δε 10 το στόμα καί τους όδόΐ'τα?. τα μεν ούν άλλα ζώα τα έχοντα —όδα? τα μεν έμπροσθεν έχει καί όπισθεν, τα δ’ εκ τοΰ πλαγίου, ώσπερ τα. πολύποδα καί άναιμα τών ζώων τούτο Se το γένος ιδίως τούτων πάντας γάρ εχουσι τούς πόδας επί τό καλούμενον έμπροσθεν. τούτου δ' αίτιον ότι Ιό συνηκται αυτών τό όπισθεν προς το έμπροσθεν, ώσπερ τών όστ ρακοδέρμων τ οΐς στρομβώδεσιν. όλως γάρ τα οστρακόδερμα έχει τη μεν ομοίως τοΐς μαλακόστρακος, τη δε τ οΐς μαλακίοις. η μεν γάρ έζωθεν τό γεώδες εντός δε τό σαρκώδες, τοΐς μαλακοστράκοις, το δε σχήμα τοΰ σώματος 20 ὅν τρόπον συνέστηκε, τοΐς μαλακίοις, τρόπον μέν * 6
° See Hist. An. 525 a 30—527 b 3i, 541 b 19 if.
6 At 678 b 24 ff.
c The theory that the cuttle-fish is comparable to a vertebrate bent double was put forward in a paper read before the Academy of Sciences in 1S30, and was the origin of the famous 354.
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reason why they have claws is because they belong to a group which has claws ; and they have them in this irregular way because they themselves are deformed and use the claws not for their natural purpose but for locomotion.
For an account of every one of the parts, of their position, and of the differences between them, including the differences between the male and the female, consult the Anatomical treatises and the Inquiries upon Animals.a
IX. With regard to the Cephalopods, their internal (J) Cepha-parts have already been described, as have those lopods· of the other animals.6 The external parts include
(1)	the trunk of the body, which is undefined, and
(2)	in front of this, the head, with the feet round it: the feet are not beyond the eyes, but are outside the mouth and the teeth. Other footed animals either have some of their feet in front and some at the back ; or else arranged along the sides—as with the bloodless animals that have numerous feet. The Cephalopods, however, have an arrangement of their own. All their feet arc on what may be called the front. The reason for this is that their back half is drawn up on to the front half,0 just as in the conical-shelled Testacea. And generally, though in some respects the Testacea resemble the Crustacea, in others they resemble the Cephalopods.
In having their earthy material outside and their fleshy material inside, they resemble the Crustacea; but as regarding the formation and construction of their body they resemble the Cephalopods — all of
controversy between G. St-Hilaire and Cuvier about unity of type. This controversy excited Goethe more than the revolution of the same year. (Ogle.)
m2
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τινα πάντα, μάλιστα δε των στρομβωδών τα €χοντα την ελίκην άμφοτερων γάρ τοΰτον εχει τον τρόπον η φύσις1· et propter hoc ambulant uni-fonniter <άλλ’ ου}2 καθάπερ συμβεβηκεν επί των τετραπόδων ζώων και των ανθρώπων, homo vero 25 habet os in capite, scilicet in parte superiori corporis. €7761 τα τον στόμαχον, επειτα δε την κοιλίαν, από δε ταντης τό εντερον μόχρι τής διεξόδου του περιττώματος. τοΰτον μεν οΰν τον τρόπον εχει τοΐς εναίμοις ζώοις, και μετά την κεφαλήν εστιν ό καλούμενος θώραξ, και τα περί τοΰτον τα δε λοιπά μόρια 30 τούτων τε χάριν και ενεκα τής κινήσεως προσεθηκεν ή φύσις, οΐον τά τε πρόσθια κώλα καί τα όπισθεν, βούλεται δ« καί τοΐς μαλακοστράκοις καί τοΐς εντόμοις ή γ* εύθυωρία των εντοσθιδίων τον αυτόν εχειν τρόπον, κατά δε τάς υπηρεσίας τάς εξωθεν κινητικάς διαφέρει των εναίμων. τά δε μαλάκιά τε καί (τα)3 στρομβώδη των οστρακόδερμων εχει
1	sequitur locus corruptus. quae corrigi possunt sec. vers, arabicam correxi, suppositicia eieci, amissa e versione latina Mich. Scot supplevi. text. vulg. habet ή φύσις ὥστrep εἴ ns νοήσειεν επ’ ευθείας, καθάπερ συμβεβηκεν επί των τετραπόδων ζώων καί των ανθρώπων, πρώτον μεν επι ακρω τω άνω στόμα τι της ευθείας κατά τό Α, επειτα <κατά addunt ΡΥ> τό Β τόν στόμαχον, [τό δέ Οίη. ΡΥ] Γ τήν κοιλίαν από δὲ τον άντερου μέχρι τής διεξόδου του περιττώματος, rj τό Δ. τοΰτον μεν οΰν τον τρόπον έχει τοΐς εναίμοις ζώοις, καί περί τοΰτό εστιν ή κεφαλή καί ό θώραξ καλούμενος (καλ. θώραξ SU)· τὰ δε λοιπά, etc. vide et quae ρ. scripsi.
2	<ὰλλ’ οΰ> Peck.
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them do so to some extent, but most markedly those conical Testacea which have a spiral shell, since both these classes have this natural structure a ; and therefore they n-alk tvitk an even gait, and not as is the case with quadrupeds and man.6 Now man has his mouth placed in his head, vis. in the upper part of the body, and after that the gullet, then the stomach, and after that the intestine which reaches as far as the vent \vhere the residue is discharged. This is the arrangement in the blooded animals, i.e., after the head comes what is known as the trunk, and the parts adjoining. The remaining parts {e.g. the limbs at front and back) have been added by Nature for the sake of those which I have just mentioned and also to make movement possible. Now in the Crustacea too and in the Insects the internal parts tend to be in a straight alignment of this kind; though with regard to the external parts Avhich subserve locomotion their arrangement differs from that of the blooded animals. The Cephalopods and the conical-shelled Testacea have the same
° The passage which follows has been badly corrupted by references to a diagram which have ousted the text. The words in italics have been translated from the Arabic version, of which Michael Scot’s Latin translation is given opposite, in default of the original Greek. See supplementary note on p. 432.
6 This refers to their uneven progression by moving first one side of the body and then the other. The Testacea, however, “ have no rigrht and left” {De incessu an. 714 b 9), and their movement was evidently an awkward problem for Aristotle. He reserves them until the very end of the De incessu, and he has to admit that they move, although they ought not to do so ! They move παρά φύαiv. The mechanism of their motion can be detected by the microscope, and is known as ciliary. See also De incessu, 706 a 13, 33, Hist. An. 52S b 9.
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685 a αύτοΐς μεν παραπλήσιων, τούτοις δ’ άντεστραμ-μένως· κέκαμπται γάρ η τελευτή προς την αρχήν, ώσπερ αν ε'ί τις την εύθεΐαν [εφ’ ης το E]1 κάμφας προσαγάγοι το Δ προς το Α. όντως γαρ κείμενων νυν των εντοσθίων περίκειται τοΐς μεν μαλακίοις το α κύτος, δ καλείται μόνον επί των πολυπόδων κεφαλή· τοΐς δ’ όστρακοδέρμοις τό τοιοΰτόν έστιν 6 στρόμβος. διαφέρει δ’ ονδέν άλλο πλην ότι τοΐς μεν μαλακόν τό πέριξ, τοΐς δε σκληρόν περί τό σαρκώδες περιέθηκεν η φύσις, όπως σώζηται διά την δυσκινησίαν· καί δια τούτο τό περίττωμα τοΐς τε μαλακίοις ίο εξέρχεται περί τό στόμα καί τοΐς στρομβώδεσι, πλην τοΐς μεν μαλακίοις κάτωθεν, τοΐς δε στρομ-βώδεσιν εκ τον πλαγίου.
Διά ταύτην μεν οΰν την αιτίαν τοΐς μαλακίοις οι πόδες τούτον έχουσι τον τρόπον, και ύπεναντιως η τοΐς άλλοις. εχουσι δ’ άνομοίως αι σηπίαι καί if· αι τενθίδες τοΐς πολύποσι διά τό νενστικαι μόνον είναι, τους δε καί πορεντικούς. αι μεν γάρ τούς άνωθεν των όδόντων (εξ μικρούς)2 εχουσι, κο.ί τούτων τούς εσχάτους δύο μείζους, τούς δε λοιπούς των οκτώ δύο κάτωθεν μεγίστους πάντων.3 ώσπερ γάρ τοΐς τετράποσι τα οπίσθια ισχυρότερα κώλα, καί ταύταις μέγιστοι οι κάτωθεν (πόδες)*· τό γάρ 20 φορτίον ουτοι εχουσι καί κινοΰσι μάλιστα, καί οι έσχατοι δύο μείζους των μέσων, ότι τουτοις συν-
1	seclusi ; post ή? add. Ζ τό δλον φησι. vid. ρ. 432.
2	Schneider ex Gazae \Ters. (senos exiguos); sex Σ ; μικρούς Ζ (sed ποδών pro όδόντων), idem E teste Buss.
3	πάντων Ogle : τούτων yulg.	4 <7708es> Rackham.
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arrangement as one another, but it differs completely from that of the others, as the tail-end of these creatures is bent right over to meet the front, just as if I were to bend the straight line over until the point D met the point A. Such
Α Β C D
then, is the disposition of their internal parts. Round them, in Cephalopods, is situated the sac (in the Octopuses and in them only it is called the head) : in the Testacea the corresponding thing is the conical shell. The only difference is that in the one case the surrounding substance is soft, and in the other Nature has surrounded the flesh with something hard, to give them the preservation they need owing to their bad locomotion. As a result of the abovementioned arrangement, in both sets the residue leaves at a point near the mouth : in the Cephalopods under the mouth, in the conical Testacea at the side of it.
So what we have said explains why the feet of Cephalopods are where they are, quite differently placed from all other animals’ feet. Sepias and Calamaries, however, being swimmers merely, differ from the Octopuses, which are walkers as well; they have six small feet above the teeth, and of these the ones at each end are larger ; the remaining two out of the total eight are down below and largest of all. These creatures have their strongest feet down below, just as quadrupeds have their strongest limbs at the back ; and the reason is that they carry the M'eight of the body and they chiefly are responsible for locomotion. The two outer feet are larger than the inner ones because they have to help the others
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υπηρετοΰσιν.	6 he πολύπους τούς εν μέσω τέτταρας
μεγίστους.
Πόδα? μεν ουν πάντα εχουσι ταϋτα οκτώ, άΛλ’ α Ι μεν σηπίαι καί αι τευθβες βραχ€Ϊς, τα he πoλυπohώhη μεγάλους. το γάρ κύτος του σώματος 25 αι μεν μέγα έχουσιν τα1 he μικρόν, ώστε τοΐς μεν άφεΐλεν από του σώματος, προς he τό μήκος των πohώv προσέθηκεν η φύσις, ταΐς δ’ από των ποόών λαβοΰσα τό σώμα ηύζησεν. όιόπep τοΐς μεν ου μόνον προς τό νεΐν χρήσιμοι οι πό0€ς αλλά και προς τό βαδίζειν, ταΐς δ’ άχρηστοι■ μικροί γάρ, so το δε κύτος μέγα έχουσιν. έπει δε βραχείς εχουσι τούς πόόας και αχρήστους προς τό άντιλαμβάνεσθαι και μή άποσπάσθαι2 από των πετρών, όταν κλυόων fj και χειμών, και προς τό τα άποθεν προσάγεσθαι, διά ταϋτα προβοσκίόας εχουσι δυο μακράς, αΐς 35 όρμοΰσί τε καί άποσαλεύουσιν ώσπερ πλοίον όταν 685 b χειμών ή, και τα άποθεν θηρεύουσι και προσάγονται ταυταις αι τε σηπίαι καί αι τευθίόες. οι he πολυ-πohες ουκ εχουσι τάς προβοσκβας διά τό τούς πόδας αύτοΐς είναι προς ταϋτα χρησίμους. ενίοις3 δε κοτυληδόνες προς τοΐς ποσί και πλεκτάναι 6 7τρόσεισι, δύναμιν εχουσαι4 και σννθεσιν τοιαύτην όιανπερ τα πλεγμάτια οΐς οι Ιατροί οι αρχαίοι τούς δακτύλους ένέβαλλον οϋτω καί εκ των ίνών
1 τὰ Peck : οἱ vulg.
* άποσπάσθαι Bekker : άντιαπάσθαι Codd.
3 ivlois Peck: όσοι; vulg.
* ΐχουσαι Ρ : Ιχουσι vulg.
° The use of these σαΰραι or σεφαί is described by Hippocrates, Περί άρθρων (Littre iv. 318-320 ; L.C.L,. iii. 390 : “ The tubes woven out of palm-tissue are satisfactory means of 360
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in performing their duty. In the Octopuses, however, the four middle feet are the biggest.
And although all these creatures have eight feet, the Sepia’s and the Calamary’s are short ones, since their bodies are large in the trunk, and the Octopus’s feet are long, because his body is small. Thus in one case the substance which she took from the body Nature has given towards lengthening the feet, and in the other she has taken away from the feet and made the body itself bigger. Hence it results that the Octopuses have feet which will serve them for walking as well as for swimming, whereas the other creatures’ feet will not do so, being small, while the body itself is big. And inasmuch as these creatures’ feet are short, and useless for holding on tightly to the rock in a storm when there is a strong sea running, or for bringing to the mouth objects that are at a distance, by way of compensation they have two long probosces, with which during a storm they moor themselves up and ride at anchor like a ship ; therewith also they hunt distant prey and bring it to their mouths. These tilings the Sepias and Calamaries do. The Octopuses have no probosces because their feet serve these purposes. Some creatures have suckers and twining tentacles as well as feet: these have the same character and function as well as the same structure as those plaited tubes which the early physicians used for reducing dislocated fingers.3 They are similarly made out of plaited fibres, and their
reduction, if you make extension of the finger both ways, grasping the tube at one end and the wrist at the other.” The σαύρα was thus a tube open at both ends. A similar passage in Diodes ap. Apollonius of Kitium, no doubt taken from Hippocrates, refers to “ the aeipai which children plait ” (L.C.L. iii. 453).
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πεπλεγμέναι είσίν, καί1 έλκονσι τα σαρκία καί τα ενδιδόντα. περιλαμβάνει, μεν γάρ χαλαρά όντα" όταν δε σνντείνη, πιέζει και έχεται τον εντός θ ι γγάνοντος παντός.
ίο "Ωστ’ επει άλλο ούκ έστιν ω προσάξονται, ἀλλ’ ή τα μεν τοΐς ποσι τα 8ε ταΐς προβοσκίσι, ταντας εχονσι προς αλκήν καί την άλλην βοήθειαν2 αντί χειρών.
Τα μεν οΰν άλλα 8ικότνλά εστι, γένος 8ε τι πολν-πό8ων μονοκότυλον. αίτιον 8ε τό μήκος καί η λεπ-τότης τής φάσεως αυτών μονοκότυλον γάρ άναγ-15 καϊον είναι το στενόν, ούκ ονν ως βέλτιστου εχουσιν, άλλ’ ως άναγκαΐον 8ιά τον ϊ8ιον λόγον τής ουσίας.
ΪΙτερνγιον δ’ εχονσι ταΰτα πάντα κύκλω περί το κύτος, τούτο δ’ επί μεν των άλλων σνναπτόμενον καί συνεχές εστι, καί επί των μεγάλων τενθών αι δ’ ελάττους καί καλούμεναι τενθί8ες πλατύτερου 20 τε τούτο εχονσι καί ον στενόν, ώσπερ αι σηπίαι καί οι πολύποδες, καί τοϋτ αιτο μέσου ήργμένον, καί ου κύκλω διά παντός. τούτο δ’ εχουσιν όπως νέωσι καί προς τό διορθουν, ώσπερ τοΐς μεν πτηνοΐς το όρροπύγιον, τ οΐς δ’ ιχθύσι το θύρσιον, ελάχιστου δε τούτο καί ήκιστα επίδηλ ον τοΐς 25 πολύποσίν εστι διά το μικρόν ’έχειν το κύτος και διορθοΰσθαι τοΐς πόσιν ικανώς.
ΙΊε/οι μεν ονν των εντόμων καί μαλακοστράκων καί όστρακοδέρμων καί μαλακίων είρηται, και περί των εντός μορίων καί των έκτος.
so Χ. Πάλιν δ’ εξ νπαρχής περί των έναίμων καί
1 και Ogle : αΐς vulg.
2 ου\λψ χρείαν καί βοήθειαν Υ, Ogle.
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action is to draw flesh and yielding substances, as follows. First they encircle the object while they are still relaxed ; then they contract, and by so doing compress and hold fast the whole of whatever is in contact with their inner surface.
So, as these creatures have nothing else with which to convey objects to the mouth except the feet (in some species) and the probosces (in others), they possess these organs in lieu of hands to serve them as weapons and generally to assist them otherwise.
All these creatures have two rows of suckers, except a certain kind of Octopus, and these have only one, because owing to their length and slimness they are so narrow that they cannot possibly have another. Thus they have the one row only, not because this arrangement is the best, but because it is necessitated. by the particular and specific character of their being.
All these animals have a fin which forms a circle round the sac. In most of them it is a closed and continuous circle, as it is in the large Calamaries (teutki), while in the smaller ones called teuthides it is quite wide (not narrow as in the Sepias and Octopuses), and furthermore it begins at the middle and does not go round the whole way. They have this fin to enable them to swim and to steer their course, and it answers to a bird’s tail-feathers and a fish’s tail-fin. In the Octopuses this fin is extremely small and insignificant because their body is small and can be steered well enough by means of the feet.
This brings to an end our description of the internal and external parts of the Insects, the Crustacea, the Testacea, and the Cephalopods.
X.	Now we must go back and begin again with
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ΌΟ° γ	/	ϊ	/	s> /	»	\	~ ε
ζωοτοκων επισκεπτεον, αρξαμβνοις αττο των υπο-λοιπών καί πρότερον είρημενων μορίων τούτων δε διορισθεντων περί των εναίμων καί ωοτόκων τον αυτόν τρόπον ερούμεν.
Τα μεν ουν μόρια τα περί την κεφαλήν των ζώων 35 ε’ίρηται πρότερον, καί τα περί τον καλούμενον αυχένα καί τράχηλον, εχει 8ε κεφαλήν πάντα τα 6&6&εναιμα ζώα· των δ’ άναίμων ενίοις άδιόριστον τούτο τό μόριον, οΐον τοΐς καρκίνοις. αύχενα οΰν τα μεν ζωοτόκα πάντ όχει, των δ’ ωοτόκων τα μεν εχει τα δ’ ούκ όχει- όσα μεν γάρ πνεύμονα 5 εχει, καί αύχενα εχει, τα δε μη άναπνεοντα θύραθεν ούκ εχει τούτο τό μόριον.
’Έστι δ’ η μεν κεφαλή μάλιστα τού εγκεφάλου χάριν· ανάγκη γάρ τούτο τό μόριον εχειν τοΐς εν-αίμοις, καί εν αντικείμενα) τόπω της καρδίας, διά τάς είρημενας πρότερον αιτίας, εξεθετο δ’ η ίο φύσις εν αύτη καί των αισθήσεων ενίας διά τό σύμμετρον είναι την τού αίματος κράσιν καί επιτηδείων πρός τε την τού εγκεφάλου άλεαν καί προς την των αισθήσεων ησυχίαν καί ακρίβειαν, ετι δε τρίτον μόριον ύπεθηκε τό την τής τροφής είσοδον δημιουργούν' ενταύθα γάρ ύπεκειτο συμμέτρως μάλιστα· ούτε γάρ άνωθεν κεϊσθαι τής 15 καρδίας καί τής άρχής ενεδεχετο την κοιλίαν, ούτε κάτωθεν ούσης ον τρόπον εχει νύν ενεδεχετο την είσοδον ετι κάτω είναι τής καρδίας· πολύ γάρ αν1 τό μήκος ήν τού σώματος, καί πόρρω λίαν τής κινούσης αρχής καί πεττούσης. η με,ν ούν κεφαλή τούτων χάριν εστίν, ό δ’ αύχήν τής αρτηρίας χάριν 1 αν Ρ, οπι. vulg.
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the blooded viviparous animals. Some of the parts which we have already enumerated still remain to be described, and λνε will take these first. This done, we will describe similarly the blooded Ovipara.
We have already a spoken of the parts around the head, and what is called the neck, and the throat. All blooded animals have a head, but in some of the bloodless ones the head is indistinct (e.g. in crabs). All Vivipara have a neck, but not all Ovipara : to be precise, only those which breathe in air from without and have a lung.
The presence of the head is mainly for the sake of the brain. Blooded creatures must have a brain, which (for reasons aforeshown) b must be set in some place opposite to the heart. But in addition, Nature has put some of the senses up in the head, apart from the reet, because the blend of its blood is Avell proportioned and suitable for securing not only warmth for the brain but also quiet and accuracy for the senses. There is yet a third part which Nature has disposed of in the head, viz. the part which manages the intake of food ; it was put here because this gave the best-ordered arrangement. It would have been impossible to put the stomach above the source and sovereign part, the heart: and it would have been impossible to make the entrance for the food below the heart, even with the stomach below the heart as it actually is, because then the length of the body would be very great, and the stomach would be too far away from the source which provides motion and concoction. These then are the three parts for whose sake the head exists. The neck exists for the sake of the 6 At 652 b 17 ff.
365
External
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(a) Vivipara:
Head and neck.
At 655 b 27—665 a 25.
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20 πρόβλημα γάρ εστι, καί σώζει τ αυτήν και τον οισοφάγον κύκλιο περιεχων. τοι? μεν οΰν άλλοις ἐστι καμπτός καί σφονδύλους εχων, οι δε λύκοι και λεοντες μονόστουν τον αυχένα έχουσιν. έβλεφε γάρ η φύσις όπως προς την ίσχνν χρήσιμον αυτόν εχωσι μάλλον ή προς τα? άλλας βοήθειας.
Έχόμενα δε του ανχενος και τής κεφαλής τά τε 25 πρόσθια κώλα τοΐς ζώοις εστι καί θώραζ. ό μεν οΰν άνθρωπος αντί σκελών και ποδών των προσθίων βραχίονας καί τάς καλούμενος έχει χεΐρας. ορθόν μεν γάρ εστι μόνον των ζώων διά τό την φύσιν αύτοΰ καί την ουσίαν είναι θείαν εργον δε του θ ει οτάτου τό νοεΐν καί φρονεΐν τούτο δ’ ον ρόδιον so πολλον του άνωθεν επικείμενου σώματος■ το γαρ βάρος δυσκίνητου ποιεί την διάνοιαν καί την κοινήν αϊσθησιν. διό π λείο νο ς γινομένου τού βάρους καί του σωματώδους ανάγκη ρεπειν τα σώματα προς την γήν, ώστε προς την ασφάλειαν αντί βραχιόνων καί χειρών τούς προσθίους πόδας 35 ύπεθηκεν ή φύσις τοΐς τετραποσιν. τους μεν 686 b γάρ οπισθίους δύο πόσιν αναγκαίου τοΐς πορευ-τικοΐς 0χειν, τα δε τοιαντα τετράποδα εγενετο ου δυναμενης φέρειν τό βάρος τής φνχής. πάντα γάρ εστι τα ζώα νανώδη τάλλα παρά τον άνθρωπον νανώδες γάρ εστιν ου τό μεν άνω μέγα, τό δε 6 φερον τό βάρος καί πεζεΰον μικρόν άνω δ’ εστιν 6 καλούμενος θώραζ, από τής κεφαλής μέχρι τής
α For the “ general ” or “ common ” sense see De mem. 450 a 10, etc. ; and cf. De part. an. 656 a 28, 665 a 12. The “ general ” sense is not another sense over and above the ordinary five, but rather the common nature inherent in 366
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windpipe : it acts as a shield and keeps the windpipe and the oesophagus safe by completely encircling them. The neck is flexible and has a number of vertebrae in all animals except the wolf and the lion whose neck consists of one bone only, for Nature’s object was to provide these with a neck that should be useful for its strength rather than for other purposes.
The anterior limbs and the trunk are continuous Limbs, and with the head and neck. Man, instead of forelegs relative and forefeet, has arms and hands. Man is the only size3· animal that stands upright, and this is because his nature and essence is divine. Now the business of that which is most divine is to think and to be intelligent ; and this Avould not be easy if there were a great deal of the body at the top weighing it d(nvn, for weight hampers the motion of the intellect and of the general sense.0 Thus, Avhcn the bodily part and the weight of it become excessive, the body itself must lurch forward towards the ground ; and then, for safety’s sake, Nature provided forefeet instead of arms and hands—as has happened in quadrupeds.
All animals Avhich walk must have two hind feet, and those I have just mentioned became quadrupeds because their soul could not sustain the weight bearing it down. Compared Avith man, all the other animals are dwarf-like. By “ dwarf-like ” I mean to denote that Avhich is big at the top (i.e. big in the “ trunk,” or the portion from the head to the residual vent), and small where the weight is supported and where
them all; thus Aristotle (De somno) argues that their simultaneous inactivity during sleep is not a mere coincidence but is due to the inactivity of the central perceptive faculty of which they are differentiations. Among the functions of the “ general ” sense are : discrimination between the objects of two senses, and the perceiving that we perceive.
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βξόδου τοΰ περιττώματος, τοΐς μεν ουν άνθρώποις τοΰτο προς το κάτω σύμμετρον, και πολλω ελαττόν εστι τελειουμενοις' νεοις δ’ ουσι τουναντίον τα μεν άνω μεγάλα, το δε κάτω μικρόν ίο (διό και ερπουσι, βαδίζειν δ’ ου δυνανται, το δε πρώτον ονδ’ ερπουσιν, άΛΑ’ άκινητίζουσιν)· νάνοι γάρ είσι τα παιδία πάντα, προϊοΰσι δε τοΐς μεν άνθρώποις ανξεται τα κάτωθεν τοΐς δε τετράποσι τουναντίον τα κάτω μέγιστα τό πρώτον, προϊόντα δ’ αϋξεται επί τό άνω, τούτο δ’ εστι τό από της έδρας επί την κεφαλήν κύτος, διό καί τω ϋφει οι 15 πώλοι τών ίππων ονδεν η μικρόν ελάττονς είσί, καί νέοι μεν οντες θιγγάνουσι τω όπισθεν σκελει τής κεφαλής, πρεσβυτεροι δ’ οντες ου δυνανται. τα μεν οΰν μώνυχα καί δίχηλα τούτον εχει τον τρόπον, τα δε πολυδάκτυλα καί άκερατα νανώδη μεν εστιν, ήττον δε τούτων διό καί την αΰξησιν 20 π ρος τα άνω τα κάτω κατά λόγον ποιείται τής ελλείφεως.
"Εστι δε καί τό τών ορνίθων καί τό τών ιχθύων γένος καί παν τό εναιμον, ώσπερ είρηται, νανώδες, διό καί άφρονεστερα πάντα τα ζώα τών ανθρώπων εστιν. καί γάρ τών ανθρώπων, οΐον τά τε παιδία προς τούς άνδρας καί αυτών τών εν ηλικία οι 25 νανώδεις την φυσιν, εάν καί τιν* άλλην δύναμιν εχωσι περιττήν, αλλά τω τον νοΰν όχειν ελ-λείπουσιν. αίτιον δ’, ώσπερ είρηται πρότερον, ότι ή τής φυχής αρχή πολλοΐς δη1 δυσκίνητος εστι καί σωματώδης, ετι δ’ ελάττονος γινόμενης τής
1 πολλοΐς δή Peck: πολλω δή vulg.: add. καί Υ, Platt, qui et insuper addit (βαρεΐ σώματι καταφερομενη).
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locomotion is effected. In man, the size of the trunk is proportionate to the lower portions, and as a man grows up it becomes much smaller in proportion. In infancy the reverse is found : the upper portion is large and the lower is small (and that is why infants cannot walk but crawl about, and at the very beginning cannot even crawl, but remain where they are). In other words, all children are dwarfs. Now, in man, as time proceeds, the lower portion grows : Not so with the quadruped animals : their lower portion is biggest at the beginning, and as time proceeds the top portion grows (i.e. the trunk, the portion between the head and the seat). Thus foals are quite or almost as high as horses, and at that age a foal can touch its head with its hind leg, but not when it is older.® What has been said holds good of the animals that have solid hoofs or cloven. The poly-dactylous, hornless animals are indeed dwarf-like too, but not so markedly, and so the growth of their lower portions compared with the upper is proportionate to the smaller deficiency.
The whole groups of birds and fishes arc dwarf-like ; indeed, so is every animal with blood in it, as I have said. This is why all animals are less intelligent than man. Even among human beings, children, when compared with adults, and dwarf adults when compared with others, may have some characteristics in which they are superior, but in intelligence, at any rate, they are inferior. And the reason, as aforesaid, is that in very many of them the principle of the soul is sluggish and corporeal. And if the beat which
a These observations are entirely correct. Cf. Ogle’s quotation ad loc. from Τ. H. Huxley. See also Hist. an. 500 b 26 ff.
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αίρούσης θερμότητος και του γεώδους πλείονος, τα 30 τε σώματα έλάττονα των ζώων εστι καί πολύποδα, τέλος δ’ αποδα γίνεται καί τεταμένα προς την γην. μικρόν δ’ ον τω προβαίνοντα και την αρχήν έχονσι κάτω, και τό κατά την κεφαλήν μόριον τέλος ακίνητόν εστι και άναίσθητον, και γίνεται φντόν, 35 έχον τα μεν άνω κάτω, τα δε κάτω άνω’ αί γάρ ρίζαι τοΐς φυτοΐς στόματος καί κεφαλής έχονσι 687 a δύναμιν, τό δε σπέρμα τουναντίον άνω γάρ καί επ' άκροις γίνεται τοΐς πτόρθοις.
Δι’ ην μεν οΰν αιτίαν τα μεν δίποδα τα δε πολύποδα τα δ’ άποδα των ζώων εστί, και διά τιν αιτίαν τα μεν φυτά τά δέ ζώα γέγονεν, ε’ιρηται,
6 και διότι μόνον ορθόν εστι των ζώων ό άνθρωπος· όρθώ δ’ όντι την φνσιν ονδεμία χρεία σκελών τών εμπρόσθιων, ἀλλ’ αντί τούτων βραχίονας καί χεΐρας άποδέδωκεν η φύσις. ’Αναξαγόρας μεν ούν φησι διά τό χεΐρας έχειν φρονιμώτατον είναι τών ζώων -άνθρωπον εύλογον δέ διά τό φρονιμώτατον είναι ίο χεΐρας Ααμβάνειν.	αι μεν γάρ χεΐρες όργανόν
είσιν, η δέ φύσις αει διανέμει, καθάπερ άνθρωπος φρόνιμος, έκαστον τω δυναμένω χρησθαι (προσ-ηκει γάρ τω όντι αύλητη δούναι μάλλον αυλούς η τω αυλούς εχοντι προσθεΐναι αύλητικην)· τω γάρ μείζονι και κυριωτέρω προσέθηκε τοϋλαττον, άλλ’
15 ου τω ελάττονι τό τιμιώτερον και μεΐζον. ει ουν ούτως βέλτιον, η δέ φύσις εκ τών ενδεχομένων * 6
α With the terminology used in 11. 2S-29 cf. Hippocrates, Ilepi διαίτης, L 35.
6 That is, it answers to residue in animals ; cf. 655 b 35. 370
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raises the organism up wanes still farther while the earthy matter waxes,® then the animals’ bodies wane, and they will be many-footed ; and finally they lose their feet altogether and lie full length on the ground. Proceeding a little further in this way, they actually have their principal part down below, and finally the part which answers to a head comes to have neither motion nor sensation ; at this stage the creature becomes a plant, and has its upper parts below and its nether parts aloft ; for in plants the roots have the character and value of mouth and head, whereas the seed counts as the opposite,6 being produced in the upper part of the plant on the ends of the twigs.
We have now stated why it is that some animals have two feet, some many, some none at all ; why some creatures are plants and some animals ; and why man is the only one of the animals that stands upright. And since man stands upright, he has no need of legs in front ; instead of them Nature has given him arms and hands. Anaxagoras indeed asserts that it is his possession of hands that makes man the most intelligent of the animals ; but surely the reasonable point of view is that it is because he is the most intelligent animal that he has got hands. Hands are an instrument ; and Nature, like a sensible human being, always assigns an organ to the animal that can use it (as it is more in keeping to give flutes to a man who is already a flute-player than to provide a man who possesses flutes with the skill to play them) ; thus Nature has provided that Avhich is less as an addition to that which is greater and superior; not vice versa. We may conclude, then, that, if this is the better way, and if Nature always does the best she can in the circumstances, it is not true
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ττοιεΐ τό βελτιστον, ον διά τα? χεΐράς εστιν 6 άνθρωπος φρονιμώτατος, άλλα διά τό φρονιμώ-τατον είναι των ζώων εχει χεΐρας. 6 γάρ φρονιμώτατος πλείστοις αν όργάνοις εχρησατο καλώς, 20 η δέ χειρ εοικεν είναι ούχ εν οργανον άλλα πολλά-εστι γάρ ώσπερεί οργανον προ οργάνων, τω οΰν πλείστας δυναμενω δεξασθαι τεχνας τό επί πλεΐστον των οργάνων χρήσιμον την χεΐρα άπο-δεδωκεν η φύσις.
ΆΑΛ’ οι λεγοντες ως συνεστηκεν ου καλώς 6 άνθρωπος άλλα χείριστα τών ζώων (άνυπόδητόν 2ό τε γάρ αυτόν είναι φασι και γυμνόν και ούκ εχοντα οπλον προς την άλκην) ούκ ορθώς λεγονσιν. τα μεν γάρ άλλα μίαν εχει βοήθειαν, καί μετα-βάλλεσθαι άντί τ αυτής ετέραν ούκ εστιν, άλλ’ άναγκαΐον ώσπερ ύποδεδεμενον άεί καθενδειν καί πάντα πράττειν, καί την περί τό σώμα άλεεοραν μηδέποτε καταθεσθαι, μηδε μεταβάλλεσθαι ο δη so ετυγχανεν1 οπλον εχον2- τω δε άνθρώπω τάς τε 687 b βοήθειας πολλάς εχειν καί ταύτας άεί εξεστι μεταβάλλειν, ετι δ’ οπλον οΐον αν βουληται καί οπού αν3 βουληται εχειν. η γάρ χειρ καί ονυξ καί χηλη καί κεράς γίνεται καί δόρυ καί ξίφος καί άλλο όποιονοΰν οπλον καί οργανον πάντα γάρ 6 εσται ταντα διά τό πάντα δύνασθαι λαμβάνειν καί εχειν αύτην ευ4 δ<? συμμεμηχάνηται5 καί τό είδος6 τη φύσει της χειρός, διαιρέτη γάρ καί πολυσχιδής-1 ετυγχανεν εν U1 : τυγχάνει εν Th. ; hie alia omnino L.
2 εχον Ζ, et corr. U : εχων vulg.
3 οπού ὰν] όττόταν Ogle.
* εχειν αυτήν ευ Ρ : εχειν τανττ) vulg. ^'χτυμμεμηχάνηται Ogle : συμμεμηχανήσθαι vulg.
6 εΐΒος και vulg1. : είδος PSUY.Z.
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to say that man is the most intelligent animal because lie possesses hands, but he has hands because he is the most intelligent animal. We should expect the most intelligent to be able to employ the greatest number of organs or instruments to good purpose ; now the hand would appear to be not one single instrument but many, as it were an instrument that represents many instruments. Thus it is to that animal (viz. man) which has the capability for acquiring the greatest number of crafts that Nature has given that instrument (viz. the hand) whose range of uses is the most extensive.
Now it must be wrong to say, as some do, that the structure of man is not good, in fact, that it is worse than that of any other animal. Their grounds are : that man is barefoot, unclothed, and void of any weapon of force. Against this we may say that all the other animals have just one method of defence and cannot change it for another : they are forced to sleep and perform all their actions with their shoes on the whole time, as one might say ; they can never take off this defensive equipment of theirs, nor can they change their weapon, whatever it may be. For man, on tlie other hand, many means of defence are available, and he can change them at any time, and above all lie can choose what weapon he will have and where. Take the hand : this is as good as a talon, or a claw, or a horn, or again, a spear or a sword, or any other weapon or tool : it can be all of these, because it can seize and hold them all. And Nature has admirably contrived the actual shape of the hand so as to fit in with this arrangement. It is not all of one piece, but it branches into several pieces ; which gives the possi-
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<587 b	^	v	χ	>
eVt yap ἐν τω διαιρετήν είναι και συνθέτην είναι, εν τούτω δ’ εκείνο ονκ εστιν. και χρήσθαι ενί1 10 και δνοΐν και πολλαχώς εστιν. και α'ι καμπαι των δακτύλων καλώς εχουσι προς τάς λήψεις και πιέσεις. καλ εκ πλαγίου εις, και οΰτος βραχύς καί παχύς άλλ' ου μάκρος· ώσπερ γάρ ει μή ήν χειρ όλως, ούκ αν ήν λήφις, οϋτω καν ει μή εκ πλαγίου ούτος ήν. οντος γάρ κάτωθεν άνω πιέζει, 15 οπερ οι έτεροι άνωθεν κάτω ■ δει δε τούτο σνμβαί-νειν, ει μέλλει ισχυρώς ώσπερ συναμμα ισχυρόν συνδεΐν, ΐνα ίσάζη εις ών πολλοΐς. καί βραχύς διά τε τήν ίσχύν καί διότι ούδέν όφελος ει μάκρος, (καί 6 έσχατος δε μικρός όρθώς, καί 6 μέσος μάκρος, ώσπερ κώπη μεσόνεως* 2· μάλιστα γάρ το 20 λαμβανόμενον ανάγκη περιλαμβάνεσθαι κύκλω κατά τό μέσον προς τάς εργασίας.) καί διά τούτο καλείται μέγας μικρός ών, ότι άχρηστοι ως είπεΐν οι άλλοι άνευ τούτον, ευ δε καί τό των ονυχών μεμηχάνηται· τα μεν γάρ άλλα ζώα έχει καί προς χρήσιν αυτούς, τοΐς δ’ άνθρώποις επι-25 καλυπτήρια- σκέπασμα γάρ των ακρωτηρίων είσίν.
Αι δε καμπαι τών βραχιόνων έχουσι πρός τε τήν τής τροφής προσαγωγήν καί πρός τάς άλλας χρήσεις έναντίως τοΐς τετράποσιν. έκείνοις μεν γάρ άναγκαΐον είσω κάμπτειν τά εμπρόσθια κώλα (χρώνται γάρ ως3 πόσιν) ιν ή χρήσιμα πρός τήν 1 ένι] μια Ogle.
2 μεσόι εως Schneider : μέσον νέως vulg.
3 ώς Γ, οηι. vulg.
° That is, the pieces. Ogle’s suggested emendation
would be translated “ use the hands singly.” The two transpositions suggested for this passage by Ogle seem unnecessary.
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bility of its coming together into one solid piece, whereas the reverse order of events would be impossible. Also, it is possible to use them a singly, or two at a time, or in various ways. Again, the joints of the fingers are well constructed for taking hold of things and for exerting pressure. One finger is placed sideways : this is short and thick, not long like the others. It λυοιιΜ be as impossible to get a hold if this were not placed sideways as if no hand were there at all. It exerts its pressure upwards from below, whereas the others act dov.nwards from above ; and this is essential for a strong tight grip (like that of a strong clamp), so that it may exert a pressure equivalent to that of the other four. It is short, then, first., for strength, but also because it would be no good if it were long. (The end finger also is small—this is as it should be—and the middle one is long like an oar amidships, because any object which is being grasped for active use has to be grasped right around the middle.) And on this account, it is called “ big ” although it is small, because the other fingers are practically useless without it. The nails, too, are a good piece of planning. In man they serve as coverings : «α guard, in fact, for the tip of the fingers. In animals they serve for practical use as well.6
The joints of the arms in man bend in the opposite direction to those of quadrupeds : this is to facilitate the bringing of food to the mouth, and other uses to which they are put. Quadrupeds must be able to bend their fore limbs inwards c so that they may be serviceable in locomotion, since they use them as
6 That is, as tools. c See note on 693 b 3, p. -133.
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so ττ ope ίαν, επε ϊ θελει ye κάκείνων τοΐς πολυδάκτυλος ου μόνον προς την πορείαν χρήσιμ' elvai τα έμπροσθεν σκέλη, άλλα καί αντί χειρών, ώσπερ και φαίν€ται χρώμενα· καί γάρ λαμβάνουσι καί άμυ-688 a νονται τοΐς πρόσθιος. τα δε μώνυχα τοΐς οπίσθιος· ου γάρ εχει αύτοΐς τα πρόσθια σκέλη άνάλογον τοΐς άγκώσι και ταΐς χερσίν. των δε πολυδάκτυλων ενια και διά τοΰτο και πενταδακτύλους εχει τους 5 προσθίους πόδας, τούς δ’ όπισθεν τετραδακτύλους, οΐον Αεοντες και λύκοι, ετι δε κύνες καί παρδάλες-6 γάρ πέμπτος ώσπερ ό της χει ρος γίνεται μέγας [πέμπτοςj.1 τα δε μικρά των πολυδακτύλων καί τούς οπισθίους εχει πενταδακτύλους διά το ερπυστικά είναι, όπως τοΐς ονυξι πλείοσιν οΰσιν ίο άντιλαμβανόμενα ραον άνερπη προς τό μετεωρό-τερον καί υπέρ κεφαλής.
Μεταξύ δε των αγκώνων τοΐς άνθρωπος, τοΐς δ’ άλλοις των εμπρόσθιων σκελών, τό καλούμενον στήθος εστι, τοΐς μεν άνθρωπος όχον πλάτος εύ-λόγως (ου γάρ κωλύουσιν οι άγκώνες εκ πλαγίου προσκείμενοι τούτον είναι τον τόπον πλατύν), τοΐς is Se τετράποσι διά την επί το πρόσθιον των κώλων εκτασιν εν τω πορεύεσθαι καί μεταβάλλειν τον τόπον στενόν τοΰτ εστι το μόριον, καί διά τοΰτο τα μεν τετράποδα των ζώων ούκ εχει μαστούς εν τω τόπω τού τω" τοΐς δ’ άνθρώποις διά την ευρυχωρίαν καί τό σκεπάζεσθαι δεΐν τα περί την πο καρδίαν, διά τοΰτο ύπάρχοντος τοΰ τοπου σαρκώδους οι μαστοί διήρθρωνται, σαρκώδεις όντες τοΐς μεν άρρεσι διά την είρημενην αιτίαν, επί δε 1 πίμτπος seclusi.
376
PARTS OF ANIMALS, IV. x.
feet; though even among quadrupeds the polydactylous ones tend to use the fore limbs not only for locomotion but also instead of hands ; and this can actually be seen happening : they take hold of things and defend themselves with their fore limbs. (Solid-hoofed animals, on the other hand, do this with their hind limbs, as their forelegs have nothing that corresponds to elbows and hands.) This explains why some polydactylous quadrupeds actually have five toes on their forefeet (lions, Avolves, dogs and leopards, for instance), although there arc only four on their hind feet: the fifth one, like the fifth n digit on the hand, is a “ big ” one.6 However, the small polydactylous quadrupeds have five toes on their hind feet too, because they are creepers ; and this gives them more nails, and so enables them to get a better hold and creep up more easily to greater heights and above your head.
Between the arms in man (in other animals be- Breast tween the forelegs) is what is known as the breast. In man the breast is broad, and reasonably so, for the arms are placed at the side and so do not in any way prevent this part from being wide. In tlic quadrupeds, however, it is narrow, because as they walk about and change their position the limbs have to be extended forwards. And on this account, in quadrupeds, the mammae are not on the breast. In man, on the other hand, as the space here is wide, and the parts around the heart need some covering, the breast is fleshy in substance and the mammae are placed on it and arc distinct. In the male they are themselves fleshy for the reason just given. In
“ Now generally called the “ first.” h And needed when the foot is used as a hand.
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των θηλειών παρακεχρηται και προς ετερον εργον ή φύσις, οπερ φαμέν αυτήν πολλάκις ποιεΐν άπο-τίθεται γάρ ενταύθα τοΐς γεννωμένοις τροφήν, δυο δ’ είσιν οι μαστοί διά τό δύο τα μόρια είναι, τό τ αριστερόν και τό δεξιόν. καί σκληρότεροι μεν, διωρισμενοι δε δια τό και τάς πλευράς συνάπτεσθαι μεν άλλήλαις1 κατά τον τόπον τούτον, μη επίπονον δ’ είναι την φύσιν αυτών, τοΐς δ’ άλλοις ζωοις εν μεν τω στηθεί μεταξύ των σκελών αδύνατόν εστιν εχειν η χαλεπόν1 2 τούς μαστούς (εμποδίζοιεν μεν γάρ αν προς την πορείαν), εχουσι δ’ ήδη πολλούς τρόπους.3 τα μεν γάρ όλιγοτόκα και μώνυχα και κερατοφόρα εν τοΐς μηροΐς εχουσι τούς μαστούς, καί τούτους δύο, τα δε πολύτοκα η πολυσχιδή τα μεν περί την γαστέρα πλαγίους και πολλούς, οίον υς και κύων, τα δε δύο μόνους, περί μεσην μέντοι γαστέρα, οΐον λέων, τούτου δ* αίτιον ούχ οτι ολιγοτόκον, επε'ι τίκτει ποτε πλείω δυοΐν, άλλ’ ότι ου πολνγάλακτον αναλίσκει γάρ εις τό σώμα την λαμβανομενην τροφήν, λαμβάνει δε σπάνιον διά το σαρκοφάγον είναι.
Ό δ’ ελεφας δύο μόνον εχει, τούτους δ’ ύπό ταΐς μασχάλαις τών εμπρόσθιων σκελών, αίτιον δε του μεν δύο εχειν οτι μονοτόκον εστί, του δε μη εν τοΐς μηροΐς ότι πολυσχιδές {ούδεν γάρ εχει πολυσχιδές εν τοΐς μηροΐς), άνω δε προς ταΐς μασχάλαις,
1 άλληλας Bekker per tvpothetae errorem.
2 η χαλεπόν Ρ : viilg. non habet.
3	fort, τόπουε Rackham (sic etiam E teste Buss, et Ζ), 378
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the female, Nature employs them for an additional function (a regular practice of hers, as I maintain), by storing away in them nourishment for the offspring. There are two mammae because the body has two parts, the right and the left. The fact that they are somewhat hard and at the same time two in number is accounted for by the ribs being joined together at this plaee and by the nature of the mammae not being at all burdensome. In other animals it is either impossible or difficult for the mammae to be situated upon the breast, i.e. in between the legs, since they would be a hindrance to walking ; but, excluding that particular position, there are numerous ways in which they are placed. Animals whieh have small litters, both those that heave solid hoofs and those that carry horns, have their mammae by the thighs ; and there are two of them. Animals that have large litters or are polydaetylous, either have numerous mammae placed at the sides upon the abdomen— e.g. swine and dogs; or liave only two, set in the middle of the abdomen—e.g. the lion.® The reason for this is not that the lion has few cubs at a birth, beeause sometimes the number exeeeds two, but that it is deficient in milk. It uses up all the food it gets upon the upkeep of the body, and as it is a flesh-eater it gets food but. rarely.
The elephant has only two mammae (this is because it has its young one at a time), and they are under the axillae of the forelegs and not by the thighs beeause the elephant is polydaetylous and no polydaetylous animal has them there. They are high up, near the axillae, because that is the plaee of the foremost
<* This, like many of Aristotle’s statements about the lion, is incorrect.
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688ν,	_	,	Λ	η ν
ίο οτ ι πρώτοι οντοι των μαστών τοι? πολλούς εχουσι μαστούς, καί ιμώνται γάλα πλεΐστον. σημεΐον δε τό έπι των ύών συμβαΐνον τοΐς γάρ πρώτοις γενομένοις των χοίρων τους πρώτους παρέχουσι μαστούς· ώ οΰν το πρώτον γινόμενον εν μόνον έστί, τουτω τους μαστούς άναγκαΐον έχειν τους πρώτους· πρώτοι δ’ είσίν οι υπό ταΐς μασχάλαις. 15 ό μεν οΰν έλέφας διά ταυτην την αιτίαν δυο έχει και ev τουτω τω τόπω, τα δε πολύτοκα ττερι την γαστέρα, τούτου δ’ αίτιον δτι πλειόνων δεΐ μαστών τοΐς πλείω μέλλουσιν έκτρέφειν έπ€Ϊ οΰν έπι πλάτος ούχ οΐόν τε άλλ’ η δυο μόνους έχειν διά το 8ύο ειναι το τ’ αριστερόν και τό δεξιόν, επί μήκος 20 άναγκαΐον έχειν ο δε μεταξύ τόπος τών έμπροσθεν σκελών και τών όπισθεν έχει μήκος μόνον, τα δε μή πολυσχιδή ἀλλ’ όλιγοτόκα ή κερατοφόρα εν1 τοΐς μηροΐς έχει τούς μαστούς, οΐον ίππος, ονος, κάμηλος (ταντα γαρ μονοτόκα, και τα μεν μώνυχα, 25 το δε δίχηλοι1), έτι δ’ έλαφος και βούς και αΐξ και τάλλα πάντα τα τοιαΰτα. αίτιον δ’ ότι τουτοις ή ανξησις έπι τό άνω του σώματός έστιν. ώσθ’ όπου συλλογή και περιουσία γίνεται του περιττώματος και αίματος (ούτος δ’ ο τόπος εστιν ο κάτω και περί τάς έκροάς), ενταύθα εποιησεν η φύσις τούς μαστούς· όπου γαρ κίνησις γίνεται τής 30 τροφής, εντεύθεν καί λαβεΐν εστιν αύτοΐς δυνατόν, άνθρωπος μεν οΰν και ο θήλυς και ό άρρην έχει μαστούς, εν δέ τοΐς άλλοις ένια τών άρρενων ούκ έχει, οΐον ίπποι οι μεν ούκ έχουσιν οι 8’ έχουσιν, όσοι εοίκασι τή μητρί.
1 και έν vulg.: και del. Ogle.
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mammae in those that have many, and these are the ones that yield the most milk. An illustration of this is the case of the sow : a sow will offer the first of its mammae to the first ones of the litter. Thus, where the first of an animal’s litter amounts to one and no more, such an animal must possess these first mammae, and “ the first mammae ” means those under the axillae. This explains, then, the number and position of the elephant’s mammae. The animals that have large litters have their mammae upon the abdomen. Why is this ? They have numerous young to feed, and so they need numerous mammae. Now as the body has two sides, right and left, the mammae cannot be more than two deep across the body, and so they have to be disposed lengthwise, and the only place ΛνΙιεΓβ there is sufficient length for this is between the front and hind legs. Non-polydacLylous animals which yet produce few at a birth, or carry horns, have their mammae by the thighs, as the horse and the ass (both solid-hoofed) and the camel (cloven-hoofed), all of which bear their young singly ; also the deer, the ox, the goat, and all such animals. The reason for which is, that in them the growth of the body proceeds in an upward direction ; so the place where the superfluous residue and blood collects is down below, near the places of efflux, and there Nature has made the mammae ; for where the food is set in motion, there is the very place where they can get it. In man, both male and female have mammae, but some males of other animals have none, as e.g. stallions, some of which have none, while others, which resemble their dams, have them.
381
ARISTOTLE
Και 7τερί μεν μαστών είρηται, μετά δε το στήθος 35 6 περί την κοιλίαν εστι τόπος, άσυγκλειστος ταΐς 689 a πλευραΐς διά την είρημενην έμπροσθεν αιτίαν, όπως μη εμποδ ίζωσι μήτε την άνοίδησιν τής τροφής, ήν άναγκάΐον συμβαίνειν θερμαινόμενης αυτής, μήτε τάς υστέρας τ ας περί την κυησιν.
Τίλος δε του καλούμενου θώρακός εστι τα μόρια 6 τα περί την τής περιττώσεως εξοδον, τής τε ξηράς και τής ύγράς. καταχρήται δ' ή φύσις τω αύτώ μορίω επί τε την τής υγράς εξοδον περιττώσεως καί περί την οχείαν, ομοίως εν τε τοΐς θήλεσι και τοΐς άρρεσιν,1 εξω τινών ολίγων πασι τοΐς εναίμοις, εν δε τοΐς ζωοτόκοις πασιν. αίτιον δ’ ότι ή γονή ίο υγρόν εστι τι καί περίττωμα. (τούτο δε νΰν μεν ύποκείσθω, ύστερον δε δειχθήσεται περί αύτοΰ.) τον αυτόν δε τρόπον καί εν τοΐς θήλεσι τά τε καταμήνια, καί ή προΐενται την γονήν1 2 3· διορισθή-σεται δε καί περί τούτων ύστερον, νΰν δ’ ύποκείσθω μόνον ότι περίττιομα καί τα καταμήνια τοΐς 15 θήλεσιν υγρά δε την φυσιν τά καταμήνια καί ή γονή, ώστε8 των όμοιων εις τα αυτά4 μόρια την εκκρισιν είναι κατά λόγον εστίν. εντός δε πώς εχει, καί πή διαφερουσι τά τε περί το σπέρμα καί τά περί την κυησιν, εκ τε τής ιστορίας τής περί τά ζώα φανερόν και τών ανατομών, καί ύστερον 20 λεχθήσεται εν τοΐς περί γενεσεως. ότι δ’ εχει καί
1 τοι? άρ/5€θΐν Ogle: τών άρρίνων vulg.
2 καί el προΐενται τινα γοι·ην Platt.
3 post ὥστβ vulg. habet τών αυτών και: Ogle del.
4 τὰ αυτά Peck : ταΰτα τα vulg.
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This concludes our remarks on the mammae.
After the breast comes the region around the stomach, which is not enclosed bv the ribs for the reason stated earlier,'* viz. to avoid interference (a) with the food when it swells, as it must do when it is heated, and ([b) with the womb during pregnancy.
At the end of what is called the trunk are the parts Excretory that have to do with the discharge of the residue, organ8' both solid and fluid. Nature employs one and the same part for the discharge of the fluid residue and for copulation in all blooded animals (with a few exceptions), male and female alike, and in all Vivipara without exception. The reason is that the semen is a Huid, and a residue. (This statement may stand for the present : the proof of it λνΐΐΐ be given later on.6)
The same applies to the catamenia in females, and the part where they emit the semen.0 This also will be dealt with particularly later on. For the present, let the statement stand simply that the catamenia in females (like the semen in males) are a residue. Now both semen and catamenia are fluids, so it is reasonable that things -which are alike should be discharged through the same parts. A clear account of the internal structure of these parts, showing the differences between the parts connected with semen and those connected with conception, is given in the Researches upon Animalsd and the Dissections, and there will be a discussion of them in the book on
° At 655 a 2.
b In l)e gen. an. 724 b 21 ff.
c This seems to agree with what Aristotle says on the subject in the Hist. An., but contradicts what he says in De gen. an. Platt’s suggested emendation would make the translation read : “ and to the semen, if so be they emit any.”
“ At 493 a 24-b 6, 497 a 24 ff., book iii, ch. 1.
383
ARISTOTLE
689 a λ
τα σχήματα των μορίων τούτων προς την εργασίαν άναγκαίως, ούκ άδηλον, εχει Si διαφοράς το των άρρενων δργανον κατά τάς του σώματος διαφοράς. ον γάρ ομοίως άπαντα νευρώδη την φύσιν ἐστίν. ετι δε μόνον τούτο των μορίων άνευ νοσεράς μετα-25 βολής αΰζησιν εχει και ταπείνωσιν τούτων γάρ το μεν χρήσιμον προς τον συνδυασμόν, το δε προς την του άλλου σώματος χρείαν αει γάρ ομοίως εχον τα Αλα1 ενεπόδιζεν αν. συνάστηκε δε την φυσιν εκ τοιούτων το μόριον τοΰτο ώστε δύνασθαι ταΰτ άμφότερα συμβαίνειν το μεν γάρ εχει νευρώδες 30 τό δε χονδρώδες, διόπερ συνιεναι τε δύναται και εκτασιν εχειν και πνεύματός εστι δεκτικόν, τά μεν ουν θήλεα των τετραπόδων πάντ εστιν όπι-σθουρητικά διά το προς την οχείαν ούτως είναι αύτοΐς χρησίμην την θεσιν, των δ’ άρρενων ολίγα εστιν όπισθουρητικά, οΐον λύγξ, λέων, κάμηλος, 689 b δασύπους' μώνυχον δ’ ούδεν εστιν όπισθουρητικόν.
Τα δ’ όπισθεν καί τα περί τα σκέλη τοΐς άνθρώ-ποις ιδίως εχει προς τα τετράποδα, κέρκον δ’ εχει πάντα σχεδόν, ου μόνον τα ζωοτόκα αλλά καί τά ωοτόκα■ καί γάρ αν μη μεγεθος αύτοΐς εχον τύχη2 5 τοΰτο το μόριον, αλλά σημείου3 γ’ ενεκεν εχουσί τινα στόλον. ό δ’ άνθρωπος άκερκον μεν εστιν, ισχία δ’ εχει, των δε τετραπόδων ούδεν. ετι δε καί τά σκέλη ό μεν άνθρωπος σαρκώδη καί μηρούς καί κνήμας,Α τά δ’ άλλα πάντ άσαρκα εχει, ού μόνον τά ζωοτόκα α λλ’ όλως όσα σκέλη εχει των ζώων ίο νευρώδη γάρ εχει καί όστώδη καί ακανθώδη, τούτων δ’ αιτία μία τις εστιν ως ειπεΐν απάντων,
1 ἔχον τὰλλα Peck : ίχοντα vulg.
2 τνχτ] Rack ham : ή vulg.
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Generation.a Still, it is clear that the actual forms of these parts is determined of necessity by the function they have to perform. The male organ, however, exhibits differences corresponding to those of the body as a whole, for some animals are more sinewy, some less. Further, this organ is the only one which increases and subsides apart from any change due to disease. Its increasing in size is useful for copulation, its contraction for the employment of the rest of the body, since it would be a nuisance to the other parts if it were always extended. And so it is composed of substances which make both conditions possible : it contains both sinew and cartilage ; and so it can contract and expand and admits air into itself. All female quadrupeds discharge the urine backwards, as this arrangement is useful to them for copulation. A few males do this (among them are the lynx, the lion, the camel, and the hare), but no solid-hoofed animal does so.
The rear parts and the parts around the legs are Rear parte, peculiar in man compared with the quadrupeds,nearly all of which (Ovipara as well as Vivipara) have a tail, which even if it is not of any great size, still is present for a token as a sort of stump. Man has no tail, but he has buttocks, which no quadruped possesses.6 In man, the legs, both in thighs and calves, are fleshy : in all other animals that have them (not only Vivipara) the legs are fleshless, being sinewy, bony and spinous. One might say that there is a single explanation which covers them all, which is, that man is
° At 716 a 2—721 a 29.
6 There seems to be something wrong with this statement, but perhaps when taken in conjunction with the whole of the argument which follows, it may appear less unjustifiable.
3 σημείου Buss. : σμικροΰ vulg.	* κνημας] πόδας Υ.
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διότι μόνον εστίν ορθόν των ζώων άνθρωπος, ιν ονν φόρ'ρ ραδίως τάνω κοΰφα όντα, άφελοΰσα τό σωματώδες από των άνω προς τα κάτω τό βάρος ή φύσις προσεθηκεν διόπερ τα ισχία σαρκώδη 15 εποίησε και μηρούς και γαστροκνημίας. άμα δε την τε των ισχίων φύσιν και προς τάς αναπαύσεις άπεδωκε χρήσιμον τοΐς μεν γάρ τετράποσιν άκοπον τό εστάναι, και ου κάμνουσι τούτο ποιοΰντα συνεχώς (ώσπερ γάρ κατακείμενα διατελεΐ υποκείμενων τεττάρων ερεισμάτων), τοΐς δ’ άνθρώποις 20 ου ρόδιον όρθώς εστώσι διαμενειν, άλλα δεΐται τό σώμα άναπαύσεως καί καθεδρας. ο μεν ονν άνθρωπος ισχία τ’ εχει καί τα σκέλη σαρκώδη διά την ειρημενην αιτίαν, καί διά ταΰτα άκερκον (η τε γάρ εκείσε1 τροφή πορευομενη εις ταΰτα αναλίσκεται, καί διά τό εχειν ισχία άφήρηται η της 25 ουράς αναγκαία χρησις), τα δε τετράποδα καί τάλλα ζώα εξ εναντίας· νανώδεσι γάρ οΰσι προς τό άνω τό βάρος καί τό σωματώδες επίκειται παν, άφηρημενον από τών κάτωθεν διόπερ άνισχια καί σκληρά τα σκέλη εχουσιν. όπως δ’ εν φυλακή καί σκέπη η το λειτουργούν μόριον την εζοδον του 30 περιττώματος, την καλούμενη ν ουράν καί κέρκον αντοΐς άπεδωκεν ή φύσις, άφελομενη τής εις τα σκέλη γιγί’ομενης τροφής.
(Ό 8e πίθηκος διά το την μορφήν επαμφοτερίζειν καί μηδετερων τ είναι καί άμφοτερων, διά τοϋτ ουτ ουράν εχει ουτ’ ισχία, ως μεν δίπους ών ουράν, ως δε τετράπους ισχία.)
690 a Ύών δε καλούμενων κέρκων διαφοραί γ’ είσί
1 εκεΐσε Peck: εκεΐ vulg.
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the only animal that stands upright. Hence, Nature, so as to make the upper parts light and easy to carry, took off the corporeal matter from the top and transferred the weight down below ; and that is how she came to make the buttocks and the thighs and the calves of the legs fleshy. At the same time, in making the buttocks fleshy, Nature made them useful for resting the body. Quadrupeds find it no trouble to remain standing, and do not get tired if they remain continually on their feet—the time is as good as spent lying down, because they have four supports underneath them. But human beings cannot remain standing upright continually with ease ; the body needs rest ; it must be seated. That, then, is why man has buttocks and fleshy legs, and for the same reason he has no tail : the nourishment gets used up for the benefit of the buttocks and legs before it can get as far as the place for the tail. Besides, the possession of buttocks takes away the need and necessity of a tail. But in quadrupeds and other animals it is the opposite : they are dwarf-like, which means that their heavy corporeal substance is in the upper part of them and does not come into the lower parts ; and as a result they have no buttocks and their legs are hard. Yet to ensure that the part which serves them for the discharge of the residue shall be guarded and covered over, Nature has assigned to them tails or scats by taking off somewhat of the nourishment which would otherwise go into the legs.
(The Ape is, in form, intermediate bet'.veen the two, man and quadruped, and belongs to neither, or to both, and consequently he has no tail, qua biped, and no buttocks, qua quadruped.)
There are numerous differences in the various tails,
ν 2	387
ARISTOTLE
πλείους καί ή φύσις παρακαταχρήται καί επί τούτων, ου μόνον προς φυλακήν και σκεπήν της έδρας, άλλα και προς ωφέλειαν και χρήσιν τοΐς εχουσιν.
5	Οι δε πόδες τοΐς μεν τετράποσι διαφερονσιν τα μεν γάρ μωνυχα αυτών εστι τα δε δίχηλα τα δε πολυσχιδή, μωνυχα μεν όσοις διά μεγεθος και το πολύ γεώδες όχειν άντι κεράτων και όδόντων εις την τοΰ ονυχος φύσιν το τοιοΰτον μόριον ελαβεν άπόκρισιν, καί διά πλήθος άντι πλειόνων ονύχων ίο εις ονυζ ή οπλή εστιν. και άστράγαλον δε διά τούτο ούκ εχουσιν ως επί το πολύ είπεΐν, καί διά1 τό δυσκινητοτεραν είναι την καμπήν του όπισθεν σκέλους άστραγάλου ενόντος· θαττον γάρ άνοίγεται καί κλείεται τα μίαν εχοντα γωνίαν ή πλείους, ό δ’ άστράγαλος γόμφος ών ώσπερ άλλότριον κώλον 15 εμβεβληται τοΐς δυσί, βάρος μεν παρεχον, ποιούν δ’ άσφαλεστεραν την βάσιν. διά γάρ τούτο και εν τοΐς εμπροσθίοις ούκ εχουσιν άστράγαλον τα εχοντα άστράγαλον, άλλ’ εν τοΐς όπισθεν, ότι δει ελαφρά είναι τα ηγούμενα και εύκαμπτα, τό δ’ άσφαλες και την τάσιν εν τοΐς όπισθεν, ετι δε προς τό άμύνε-20 σθαι εμβριθεστεραν ποιεί την πληγήν τα δε τοιαύτα τοΐς όπισθεν χρήται κώλοις, λακτίζοντα τό λυπούν.
Τα δε δίχηλα εχει άστράγαλον (κουφότερα γάρ τα όπισθεν), καί διά τό εχειν άστράγαλον και ου μώνυχά εστιν, ως τό εκλεΐπον όστώδες εκ τοΰ
1 καί διά S UZ Ogle : διὰ vulg.
° The word used in the Greek is “ part." See Introd. p. 28.
6	See Introduction, pp. 38-39.
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which provide another example of Nature’s habit of using an organ for secondary purposes, for she employs the tail not only as a guard and covering for the fundament but also in other serviceable ways.
There are differences too in the feet of quadrupeds. Hoofs, etc. Some have a solid hoof, some a cloven hoof; others have a foot that is divided into several parts. Solid hoofs are present in those animals which are large and contain much earthy substance,0 which instead of making horns and teeth forms an abscessionb so as to produce nail, and owing to the abundance of it, it produces not several separate nails but a single one, in other words, a hoof. Because of this, these animals in general have no Iiucklebone ; and also because the presence of a Iiucklebone makes it rather difficult to bend the hind leg freely, since a limb that has one angle can be bent to and fro more quickly than one that has several. It is a sort of connecting-rod, and therefore practically interpolates another bit of a limb betAveen the two, thereb}’ increasing the weight; but it makes the animal’s footing more reliable. This explains why, when hucklebones are present, they are present in the hind limbs only, never in the front : the front limbs have to be light and flexible because they go first, while the hind limbs must be reliable and able to stretch.
Further, a hucklebonc puts more force into a blcnv—a useful point in self-defence—and animals which have one use their hind limbs in this way : if anything hurts them they kick out at it.
Cloven-hoofed animals have a hucklcbone, as their hind limbs are on the li^ht side ; and that is the very reason why they are cloven-hoofed : the bony substance stays in the joint and therefore is deficient in
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πόδα ς iv τη κάμφει μόνον. τα δε πολυδάκτυλα 25 ούκ έχει αστράγαλον ου γάρ αν ην πολυδάκτυλα, άλλα τοσοΰτον έσχίζετο τδ πλάτος δσον έπέχει 6 αστράγαλος. διό και των έχόντων αυτόν τα πλείω δίχηλα.
Ό δ’ άνθρωπος πόδας μεγίστους έχει των ζώων ως κατά μέγεθος, εύλόγως· μόνον γάρ έστηκεν ορθόν, ώστε τους μέλλοντας δύ’ όντας έξειν παν τό 30 του σώματος βάρος δει μήκος έχειν και πλάτος, καί τό των δακτύλων δη μεγεθος εναντίως εχει επί τε των ποδών καί των χειρών κατά λόγον των μεν γάρ τό λαμβάνειν εργον καί πιέζειν, ώστε δει C90 b μάκρους έχειν (τω γάρ καμπτόμενα) μέρει περιλαμβάνει η χειρ), των δε τό βέβηκε ναι ασφαλώς, προς δέ1 τούτο δει τό μόριον είναι μεΐζον1 2 * 4 τό άσχιστον τον ποδός των δακτύλων, εσχίσθαι δε βελτιον η άσχιστον είναι τό έσχατον άπαν yap αν 5 συμπαθές ην ενός μορίου πονησαντος, εσχισμενω2 δ’ εις δακτύλους τοντ ον συμβαίνει ομοίως, ετι δε καί βραχείς όντες ήττον ζάν) βλάπτοιντο.* διό πολυσχιδείς οι πόδες των ανθρώπων, ου μακρο-δάκτυλοι δ’ είσίν. τό δε των ονύχων γένος διά την αυτήν αιτίαν καί επί των χειρών εχουσιν δει ίο γάρ σκεπεσθαι τα ακρωτήρια μάλιστα διά την ασθένειαν.
Πβρι μεν οΰν τών εναίμων ζώων καί ζωοτόκων καί πεζών είρηται σχεδόν περί πάντων XI. τών δ* εναίμων ζώων ωοτόκων 8e τα μεν εστι τετρά-
1 προς Ogle : ώστε vulg.
2 μεΐζον Platt, Th. : νομίζειν vulg.
8 εσχισμένω Peck : -ον ΡΥ : -ων vulg. : -ου Ogle.
4 ζάι·> Platt, Th. : βλάπτοιντο Υ : σνμβλάπτοιντο vulg.
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the foot. The polydactylous animals have no huckle-bone, otherwise they -would not be polydactylous, and the divisions of the foot -would cover only so much width as the hucklebone itself. So most of the animals which have a hucklebone are cloven-hoofed.
Man of all the animals has the largest feet for his size, and reasonably so, since he is the only one of them that stands upright, and as the feet have to bear the whole weight of the body and there are only two of them, they must be both long and broad.
Also the toes are short compared with the fingers, and this too is reasonable. The business of the hands is to take hold and to keep hold of things, and this is done by means of that part of the hands which bends ; therefore the fingers must be long. The business of the feet is to get a firm and reliable footing ; and to secure this the undivided part of the foot must be greater than the toes. And it is better to have the tip of the foot divided than not, for otherwise, if one part were affected the -whole foot would suffer as well, whereas this is to some degree avoided by the division of the tip of the foot into toes. Again, short toes are less liable to injury than long ones would be.
All this indicates why the human foot has toes and why they are short. There are nails on the toes for the same reason that there are nails on the fingers : the extremities have but little strength and therefore specially need to be protected.
We have now dealt with practically all the blooded animals that are viviparous and live on the land.
XI.	We now pass on to another class of blooded (><) owpara: animals, the oviparous, some of which have four feet, andSerpentS
gg j quadrupeds.
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πόδα τα δ’ άποδα. τοιοΰτον δ’ εν μόνον γόνος 15 εστίν άπουν, το των όφειυν ή δ’ αίτια της αποδιας αυτών εΐρηται εν τοΐς περί της πορείας των ζωων διωρισμενοις. τα δ’ άλλα παραπλήσιον €χει την μορφήν τοΐς τετράποσι καί ωοτόκοις.1
"Εχει, Be τα ζώα ταΰτα κεφαλήν μεν καί τα εν αυτή μόρια διά τάς αύτάς αιτίας τοΐς άλλοις τοΐς so εναίμοις ζώοις, και γλώτταν εν τω στόματι πλήν του ποταμίου κροκοδείλου" ούτος δ’ ούκ αν δοζειεν όχειν, αλλά την χώραν μόνον, αίτιον δ’ ότι τροπον μεν τινα άμα χερσαίος και ένυδρος εστιν διά μεν οΰν το χερσαίος είναι εχει χώραν γλώττης, δια δε τό ένυδρος άγλωττος. οι γάρ ιχθύες, καθάπερ εΐρη-25 ται πρότερον, οι μεν ου δοκοΰσιν όχειν, αν μη σφοδρά άνακλίνη τις, οι δ’ άδιάρθρωτον εχουσιν. αίτιον δ’ ότι ολίγη τοότοις χρεία2 τής γλώττης διά το μη ενδεχεσθαι μασάσθαι μηδε προγευεσθαι, ἀλλ’ εν τή καταπόσει γίνεσθαι την αΐσθησιν και την ηδονήν πάσι τοότοις τής τροφής, ή μεν γάρ γλώττα τών 80 χυμών ποιεί τήν αΐσθησιν, τών δε εδεστών εν τή καθόδω ή ηδονή" καταπινομενών γάρ αισθάνονται τών λιπαρών και θερμών και τών ά/\λων τών τοιουτων. εχει μεν ουν και τα ζωοτόκα ταότην τήν αΐσθησιν (και σχεδόν τών πλείστων όφων καί 691 a εδεστών εν τή καταπόσει τή τάσει του οισοφάγου γίνεται ή χάρις· διό ούχ οι αυτοί περί τα πόματα καί τούς χυμούς άκρατεΐς είσι καί τα οφα καί τήν
1 ωοτόκοις PUYΖ : ζωοτόκοις vulg.
2 ήν τοότοις χρεία S : ήν χρεία τοότοις vulg. : ήν delevi.
° At De inc. an. 708 a 9 ff; see also infra, 696 a 10. 6 At 660 b 13-25.
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and some no feet at all. Actually there is only one group that has no feet, the Serpents ; and the reason why they have none lias been stated in my treatise on the Locomotion of Animals.° In other respects their conformation is similar to that of the oviparous quadrupeds.
These animals have a head, and the parts that compose it, for the same reasons that other blooded creatures have one, and they have a tongue inside the mouth—all except the river crocodile, which apparently has none, but only a space for it ; and the reason is that, in a way he is both a land-animal and a water-animal. In virtue of being a land-animal, he has a space for a tongue ; as a water-animal, he is tongueless. This agrees with our previous statement,6 that some fishes appear to have no tongue unless you pull the mouth very well open, others have one which is not distinctly articulated. The reason for this is that these creatures have not much need for a tongue because they cannot chew their food or even taste it before they eat it : they can perceive the pleasantness of it only while they are swallowing it. This is because the perception of juices is effected by the tongue ; whereas the pleasantness of solid food is perceived while it is passing down the gullet, and thus oily food and hot food and the like are perceived while they are being swallowed. Of course the Vivipara as well as these creatures have this power of perception (indeed, the enjoyment derived from practically all edible dainties takes place while they are being swallowed and is due to the distension of the oesophagus—which is why intemperate appetite for edible dainties is not found in the same animals as intemperate appetite for drink and juices) ;
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εδευδην), άλλα τοι? μεν άλλοις ζώοις καί η κατά 5 την γεΰσιν υπάρχει α’ίσθησις, εκείνοις δ' άνευ τ αυτής μόνη1 η ετερα. των δε τετραπόδων και ωοτόκων οι σαΰροι, ώσπερ και οι2 όφεις, δικρόαν εχουσι την γλώτταν και επ' άκρου τριχώδη πάμπαν, καθάπερ εΐρηται πρότερον, εχουσι δε και αι φώκαι δικρόαν την γλώτταν διό καί λίχνα3 πάντα τα ζώά εστι ταΰτα.
ίο "Εστι δε και καρχαρόδοντα τα τετράποδα των ωοτόκων, ώσπερ οι ιχθύες. τα δ' αισθητήρια πάντα ομοίως εχουσι τοΐς άλλοις ζώοις, οΐον της οσφρησεως μυκτηρας και οφεως οφθαλμούς και ακοής ώτα, πλην ούκ επανεστηκότα, καθάπερ ούδ' οι όρνιθες, άλλα τον πόρον μόνον αίτιον δ’ άμφο-15 τεροις η του δέρματος σκληρότης· τα μεν γάρ πτερωτά αυτών εστι, ταΰτα δε πάντα φολιδωτά, εστι δ’ η φολις όμοιον χώρα λεπίδος, φύσει δε σκληρότερον. δηλοϊ δ’ επί τών χελωνών τοΰτο καί επί τών μεγάλων όφεων καί τών ποταμίων κροκοδείλων ισχυρότεροι γάρ γίνονται τών οστών ως οΰσαι τοιαΰται την φύσιν.
20 Ούκ εχουσι δε τα ζώα ταΰτα την άνω βλεφαρίδα, ώσπερ ούδ' οι όρνιθες, άλλα τη κάτω μύουσι διά την αιτίαν την ειρημενην επ' εκείνων, τών μεν οΰν ορνίθων ενιοι καί σκαρδαμύττουσιν υ μεν ι εκ τών κανθών, ταΰτα δε τα ζώα ού σκαρδαμύττεί' σκληρ-25 οφθαλμότερα γάρ εστι τών ορνίθων, αίτιον δ’ ότι εκείνοις χρησιμωτερα η όζυωπία4 πτηνοΐς οΰσι προς
1	δ’ άνευ ταντης μόνη Peck: δ’ αν η ώσπερ μόνη Υ: δ’ ώσπερανεί vulg. ; plurima hie transposuit Ogle.
2	καί οἱ Y : ol vulg.
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but whereas the rest of the animals have the power of perception by taste as well, these are without it and possess the other one only. Among oviparous quadrupeds, lizards (and serpents too) have a two-forked tongue, the tips of Λν-hich are as fine as hairs. (This has been stated earlier.0) Seals also have a forked tongue. This forked tongue explains why all these animals are so dainty in their food.
The four-footed Ovipara also have sharp interfitting teeth, as Fishes have. Their sense-organs are all similar to those of other animals : nostrils for smell, eyes for sight, and ears for hearing—though their ears do not stand out: they are merely a duct, as in birds ; and in both groups the cause is the same, viz. the hardness of their integument. Birds are covered with feathers, and these creatures are all covered with horny scales which correspond in position to the scales of fishes, but are harder in substance. This is clearly illustrated by the tortoises, the great snakes, and the river crocodiles, where the scales are made of the same materia] as the bones and actually grow stronger than the bones.
These animals, like birds, have no upper eyelid ; they close their eyes with the lower lid. The reason which was given6 for birds applies to them too. Some birds can also blink by means of a membrane which comes out of the corner of the eye ; but these animals do not do this, since their eyes are harder than birds’ eyes. The reason for this is that keen sight is of considerable use to birds in their daily
• At 660 b 9.	6 At 657 b 6 ff.
3 λίχνα Karsch: Ισχνά. vulg. όζυωττία καί τ6 πόρρω προϊδίΐν UY.
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τον βίον, τούτοις δ’ ήττον τρωγλόδυτα γάρ πάντα τα τοιαΰτά εστιν.
Εις δυο δε δα]ρημενης της κεφαλής, τοΰ τε άνω μορίου καί της σιαγόνος της κάτω, άνθρωπος μεν1 καί τα ζωοτόκα των τετραπόδων και ανω και κάτω so κινοΰσι τάς σιαγόνας καί εις το πλάγιον, οι δ’ ιχθύες και όρνιθες και τα ωοτόκα των τετραπόδων εις το άνω και κάτω μόνον, αίτιον δ οτι η μεν 691 b τοιαυτη κίνησις χρήσιμος εις τό δακεΐν και διελεΐν, ή δ’ εις το πλάγιον επί το λεαινειν. τοΐς μεν ούν εχονσι γομφίους χρήσιμος ή εις τό πλάγιον κίνησις, τοΐς δε μή εχουσιν ουδεν χρήσιμος, διόπερ άφήρηται πάντων των τοιουτων ουδεν γαρ ποιεί περίεργον η 5 φύσις, τα μεν ουν άλλα πάντα κινεί την σιαγόνα την κάτω, ό δε ποτάμιος κροκόδειλος μόνος την άνω. τούτου δ’ αίτιον οτι προς τό λαβεΐν και κατασχεϊν αχρήστους εχει τούς πόδας ■ μικροί γάρ είσι πάμπαν. προς ουν ταυτας τάς χρείας αντί ποδών τό στόμα ή φύσις χρήσιμον αύτω εποίησεν. προς δε το ίο κατασχεϊν ή λαβεΐν, όποτερωθεν αν ή ή πληγή ισχυρότερα, ταύτη χρησιμωτερα κινούμενη εστίν ή δε πληγή ισχυρότερα άβί. άνωθεν ή κάτωθεν επει ουν άμφοτερων μεν διά τοΰ στόματος ή χρήοις, και τοΰ λαβεΐν καί τοΰ δακεΐν, αναγκαιότερα δ’ ή τοΰ 15 κατασχεϊν μήτε χεΐρας εχοντι μήτε πόδας ευφυείς, χρησιμώτερον τήν άνωθεν κινεΐν σιαγόνα η τήν κάτωθεν αυτοΐς. διά τό αυτό δε καί οι καρκίνοι τό άνωθεν της χηλής κινοΰσι μόριον, ἀλλ’ ου το κάτωθεν αντί χει ρος γάρ εχουσι τάς χηλάς, ώστε προς το λαβεΐν ἀλλ’ ου προς τό διελεΐν χρήσιμον 1 μεν ονν vulg. : /ιἔν Υ Ζ.
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life, because they fly about ; but it would be very little good to these creatures, because they all spend their time in holes and corners.
Their head has two divisions : the upper part, and the leaver jaw. In man and in the viviparous quadrupeds the lower jaw moves from side to side as well as up and down ; in fishes, however, and birds and these oviparous quadrupeds it moves up and down only. The reason is that this vertical motion is useful for biting and cutting up food, while the sideways motion is useful for grinding the food down. Of course this sideways motion is useful to animals which possess grinder-teeth ; but it is of no use to those which lack grinders, and so not one of them has it. Nature never makes or does anything that is superfluous. All these animals, then, move the lower jaw—with one exception, the river crocodile, which moves the upper jaw, and the reason for this is that his feet are no use for seizing and holding things : they are too small altogether. So Nature has given him a mouth λυΙιϊοΙι he can use for these purposes instead of his feet. And when it comes to seizing things and holding them, the most useful direction for a blow to take is that which gives it the greatest strength. Now a blow from above is always stronger than one from below. And to an animal who has no hands and no proper feet, who has to use his mouth for seizing his food as well as for biting it, the power to seize it is the more necessary ; and therefore it is more useful to him to be able to move his upper jaw than his lower one. For the same reason crabs move the upper part of their claws and not the lower : claws are their substitute for hands, so the claws have to be useful for seizing things (not for cutting them
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20 δει είναι την χηλήν το δε διελεΐν καί δακεΐν όδόν-των εργον εστίν. τοι ς μεν ονν καρκίνοις καί τοΐς άλλοις όσοις ενδεχεται σχολαίως ποιεΐσθαι την λήφιν διά το μη iv νγρω είναι την χρήσιν του στόματος, διήρηται, και λαμβάνονσι μεν χερσίν η 770σι, όιαιροΰσι δε τω στόματι και δάκνονσιν τοΐς 25 δε κροκοδείλοις επ' άμφότερα χρήσιμον το στόμα πεποίηκεν η φύσις, κινούμενων οϋτω των σιαγόνων.
"Εχονσι δε και αυχένα πάντα τα τοιαντα διά τό πλέα μονά εχειν δέχονται γάρ το πνεύμα διά της αρτηρίας μήκος εχουσης.
1Έττ€ΐ δε το μεταξύ κεφαλής καί ωμων κεκληται ανχήν, ήκιστα των τοιουτων ό όφις δόξειεν αν 30 εχειν αυχένα, αλλά το άνάλογον τω αύχενι, ει γε δει τοΐς ειρημενοις εσχάτοις διορίζειν το μόριον τοΰτο. ίδιον δε προς τα συγγενή των ζώων 692 a υπάρχει τοΐς οφεσι το στρεφειν την κεφαλήν εις τούπισθεν ηρεμοΰντος του λοιπού σώματος, αίτιον δ' ότι καθάπερ τα έντομα ελικτόν εστιν, ώστε ευκάμπτους όχειν καί χονδρώδεις τούς σπονδύλους, εξ ανάγκης μεν ουν διά ταύτην την αιτίαν τοΰτο 5 συμβεβηκεν αυτοΐς, τού δε βελτίονος ενεκεν προς φυλακήν των όπισθεν βλαπτόντων μακράν γάρ ον καί άπουν αφυές εστι πρός τε την στροφήν καί προς την των όπισθεν τηρησιν ούδεν γάρ όφελος αΐρειν μεν, στρεφειν δε μη δύνασθαι την κεφαλήν, εχουσι δε τα τοιαΰτα καί τω στηθεί άνάλογον μόριον. ίο μαστούς δ' ούκ εχουσιν ου'τ’ ενταύθα ούτ εν τω άλλω σώματι, ομοίως δ’ ούδ' όρνις, ούδ' ιχθύς ουδέίς. αίτιον δε το μηδε γάλα όχειν τούτων
1 hinc usque ad 605 a 22 varia codd. ; text. vulg. exhibui.
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up : this, and biting, is the business of the teeth). In crabs, then, and in other creatures which, because their mouth does not come into action while under water, can take their time about seizing their food, the labour is divided : they seize their food with their hands or feet, and cut it up and bite it with the mouth. For the crocodile, however, by making the jaws move as I have described, Nature has constructed a mouth which can be used for both these purposes.
All these animals have also a neck ; this is because they have a lung and there is a long Avindpipe through which they admit the breath to it.
Since the neck is the name given to the part of the body between the head and the shoulders, the serpent \vould appear to be the very last of these creatures to possess one : at any rate, if the neck is to be defined by the limits mentioned above, lie has merely something analogous to a neck. Compared with kindred animals, serpents have this peculiarity : they can turn their heads backwards while the rest of the body remains still. The reason is that their body (like an insect’s) can roll up ; the vertebrae are cartilaginous and flexible. This, then, is the necessary cause, why they have this ability; but it serves a goad purpose too, for it enables them to guard against attacks from the rear, and with their lono; bodies devoid of feet they are ill adapted for turning themselves round to keep watch over the rear. To be able to raise the head and yet unable to turn it round Avould be useless. These animals have also a part which is a counterpart to the breast. But they have no mammae either here or elsewhere ; nor have any of the birds or fishes. This is because the mammae are receptacles, vessels,
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μηθεν o δε μαστός υποδοχή καί ώσπερ άγγεΐόν Ιστι γάλακτος, γάλα δ’ ον κ εχει οντε ταΰτα οντ’ άλλο ονδεν των μη ζωοτοκονντων ir αντοΐς, διότι ωοτοκοΰσιν, εν δε τοι ωω ή τροφή εγγίνεται iv τοΐς ζιροτόκοις γαλακτώδης νπάρχουσα. σαφε-ι' στερον δε περί αυτών λεχθησεται ir τοΐς ττερι γενεσεως. περί δε της των σ κολών1 κάμφεως εν τοΐς περί πορείας πρότερον επεσκεπται κοινή περί πάντων.'2
’Έχονσι 8ε και κέρκοι’ τα τοιαΰτα, τα μεν μείζω τα δ’ ελάττω, υπέρ ον την αιτίαν καθόλου πρότερον είρήκαμεν.
20 Ισχνότατο? δ’ ό χαμαιλεων τών ωοτόκων και πεζών εστίν όλιγαιμότατον γάρ εστι πάντων, ταντό δ’ αίτιον τον της φνχής η θ ον ς εστι τον ζώον3 πολν-μοράον γάρ γίνεται διά τον φόβον, ο δε φόβος κατάφυξις δι’ όλιγαιμότητά εστι και ενδειαν θερμό-τητος.
692 b Περί μεν ονν τών εναίμων ζώων τών τε άπόδων και τετραπόδων, όσα μόρια τά εκτός εχει καί διά τινας αιτίας, εΐρηται σχεδόν.
XII.	Έγ δβ τοΐς όρνισιν η προς άλληλα διαφορά εν τη τών μορίων εστίν υπεροχή καί ελλείφει και 5 κατά το μάλλον και ηττον. εισί γάρ αυτών οί μεν μακροσκελείς οι δε βραχνσκελεΐς, καί την γλώτταν οι μεν πλατείαν εχονσιν οι δε στενήν ομοίως δε καί επί τών άλλων μορίων, ιδία δε μόρια ολίγα
1 σκελών Ρ Ζ, Ogle : καμπύλων σκελών Υ : καμπύλων vulff.
s περί δέ . . . ττάι—ων fortas^e seeludenda.
s correxit Peck. cf. ββΤ a 11 seqq. : τούτου δ’ αἴτιον τό ύθο; τοι' ζώου το ττ; Ψι·χης Vllljr. : αἴτιο: §e το τις ψυχής ήθος ἔστιν αντοϋ PSUZ: sed fortasse haec verba sccludenda.
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as it were, for the milk, and none of these creatures has any milk. Neither has any of the other animals that are not internally viviparous ; the reason is that as they produce eggs the milky nutriment which they contain goes into these eggs. A more detailed account of these matters will be given in the treatise on Generation.11 With regard to the way in which they bend their legs, a general account, including all animals, has already been given in the treatise on the Locomotion of Animals.b
These creatures have a tail, some a large one, some a small one. We have already given the reason for this as generally applicable.0
Among the oviparous land-animals, the chameleon has the least flesh on him ; this is because he has least blood, and the same reason is at the root of the animal’s habit of soul—he is subject to fear (to which his many changes in appearance are due), and fear is a process of cooling produced through scantiness of blood and insufficiency of heat.d
This fairly concludes our account of the external parts of the blooded animals both footless and four-footed, and of the reasons thereof.
XII. We now pass on to Birds. As among them- (u.) selves, they differ in their parts in respect of the more and less, and excess and defect e—e.g., some of them have long legs, some short ones ; some have a broad tongue, some a narrow one ; and similarly with the other parts. Thus, as among themselves
0	At 752 b 16 ff.
6 At 712 a 1 ff. See also below, 693 b 3, and additional note on that passage, p. 433.
c At 6S9 b 1 if.
d Compare the passages at 650 b 27 and 667 a II ff.
* See 644 a 19, and introductory note on p. 19.
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Βιαφόροντα όχουσιν άλλήλων ττ ρος Be τά άλλα ζώα και ττ} μορφή tow μορίων Βιαφόρουσιν. πτερωτοί 10 μεν ουν άπαντός είσιν, και τοΰτ Ίδιον εχουσι των άλλων, τα γάρ μόρια των ζώων τα μεν τριχωτά εστι τα Be φολιδωτά τα Be λεπιδωτά, οι δ’ όρνιθες 7ττερωτοί. και το πτεράν σχιστόν και ονχ άμοιον τω ε’ΊΒει τοΐς όλοπτόροις· των μεν γάρ άσχιστον των Be σχιστόν εστι, και το μεν άκαυλον, τό δ’ 15 εχει κανλόν. εχουσι Be και εν τή κεφαλή περιττήν και Ίδιον την του ρόγχους φύσιν προς τάλλα· τοΐς μεν γάρ ελόφασιν 6 μυκτήρ άΐ'τι χειρών, των δ’ Εντόμων ενίοις ή γλώττα άντι στόματος, τοντοις δ’ άντι οδοί ’των και χειλών τό ρόγχος οστινον ον.1 π€ρί Be των αισθητηρίων ε’Ίρηται πρότερον.
20 Αύχόνα δ’ εχει τεταμόνον τή φόσeι, και διά την αυτήν αιτίαν ήντrep και τάλλα· και τούτον τα μεν βραχύν τά Be μακράν, καί σχ€δόν ακόλουθον τοΐς σκελεσ ι τά πλ€Ϊστα. τά μεν γάρ μακροσκελή μακράν τά Be βpaχυσκeλή βραχύν εχει τον αύχόνα, χωρίς των στ€γανοπόδων τά μιν γάρ ei είχε βρα-693 a χύν επι σκόλέσι μακροΐς, ούκ αν υπηρετεί αύτοΐς ό ανχήν προς τή ν από της γης νομήν, τοΐς δ’ ei μάκρος ήν όπι βραχόσιν. ότι Be2 τοΐς κρεωφάγοις αυτών υπεναντίον αν ήν3 το μήκος προς τον β ιον δ ό γάρ μάκρος αύχήν ασθενής, τοΐς δ’ ό βίος όκ του κρατεΐν όστιν. Βιόπερ ουδόν των γαμφωνυχων μακράν εχει τάν αύχόνα. τά Be στεγανόποδα καί <(τά)4 Βιηρημόνους μεν εχοντα τούς πόδας σεσιμω-
1	ον Υ, Ogle : om. vulg.
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they have few parts which differ from one to another. But as compared with other animals, they differ in respect of the form of their parts. One peculiarity of the birds is that they all have feathers, whereas in other animals the parts are covered with hair, or scales, or horny plates. A bird’s feather is split, and therefore different in form from the wing of certain insects, which is undivided ; as well as having a shaft, whereas the insects have none. Another peculiarity of birds is the beak, an extraordinary appendage to the head. It is made of bone, and serves them instead of teeth and lips, just as the elephant’s trunk takes the place of hands, and tlie tongue of certain insects replaces a mouth. We have spoken already of the sense-organs.®
Birds have a neck which sticks up, and for the same reason that other creatures have one. Some have a long neck, some a short one : in most of them it corresponds in length fairly closely to the legs, so that the long-legged birds have a lone neck and the shortlegged birds a short neck (web-footed birds excepted.) What assistance in getting food out of the ground would a short neck be to a bird on long leg's, or a long neck to a bird on short legs ? Furthermore, the carnivorous birds would find a long neck a real disadvantage in their daily life. These birds depend for their livelihood on superior strength, and length of neck means lack of strength ; so no crook-taloned bird has a long neck. Web-footed birds, however, together with others in the same class whose a In Book II. chh. 12 if. 2 3 4
2	Se Langkavel : ye Yb : om. vulg.
3 αν ψ ΡΥΘ, Ogle : om. vulg.
4	<τὰ> Ogle.
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μένους Be καί1 έν τω α ύτώ yevei οντα τοι ς στβγανό-ποσι, τον μέν αυχένα μακράν έχουσιν (χρήσιμος γαρ τοιοΰτος ών προς την τροφήν την έκ του ίο ύγροΰ), τα Be σκέλη προς την νοΰσιν βραχέα.
Διαφοράν δ’ ’έχοι και τα ρνγχη κατά τούς βίους, τα μέν γάρ evdu ’έχοι τα Be γαμψόν, ev9v μέν ὅσα τροφής eveKev, γαμψόν Be τα ώμοφάγα· χρήσιμον γαρ προς το κρατοϊν το τοιοΰτον, την Be τροφήν αναγκαίοι· από ζώων πορίζοσθαι, καί τα πολλά ϊ' βιαζομένοις. όσων Β’ eλeιoς ο βίος καί ποοφάγος, πλατύ το ρόγχος έχουσιν π ρος τε γάρ την ορυζιν χρήσιμον το τοιοΰτον καί προς την της τροφής σπασιν και κουραν. evia Be καί μακράν έχ€ΐ το ρόγχος των τοιουτων, ώσπ€ρ καί τον αυχένα, Βία το λaμβάveιv την τροφήν έκ του βάθους, καί τα πολλά των τοιουτων καί των στ€γανοπόΒων ή 20 απλώς ή κατά3 μόριον3 θηρ€υοντα ζή των έν τω ύγρώ ei’ia ζωΒαρίων καί yiVerat τοΐς τοιουτοις ό μέν αύχήν καθάπ€ρ άλΐ€υταΐς ό4 κάλαμος, τό Be ρόγχος οΐον ή1 2 3 * 5 ορμιά καί τό άγκιστρου.
Τα Be πρανή τοΰ σώματος καί τα ύπτια, και τα του καλουμένου θώρακος έπί των τ€τραπόΒων, 25 όλοφυής ό τόπος έπί των ορνίθων έστίν καί έχουσιν άπηρτημένας αντί των βραχιόνων καί των σκο\ών 693 b των προσθίων6 τάς πτέρυγας, ΪΒιόν τι μόριον, Βιόπ€ρ αντί ώμοπλάτης τα τeλeυτaίa έπί τοΰ νώτου των πτepυγωv έχουσιν.
Σκέλη δε κaθάπep άνθρωπος Βυο, κζκαμμένα
1	και Υb, Ogle : ως vulg.
2	κατά Υ, Ogle : κατά τό vulg.
3	post μόριον habet ταύτό vulg.: ταυτά S : ταΰτα Ρ : τουτοις
coni. Ogle.
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feet though divided into toes yet are fashioned like a snub-nose a—these have long necks, because a long neck is useful to them for getting food out of the water. Their feet, on the contrary, are short so that they can sAvim.
Birds’ beaks also differ according to their different habits of life. Some beaks are straight, some curved ; straight if they are used simply for feeding, curved if the bird eats raw meat, because a curved beak is useful for overpowering their prey, and such birds have to get their food from animals, most often by force. Those whose life is spent in swamps and are herbivorous have broad beaks, which are useful for digging and pulling up their food and for cropping plants. Some of them, however, have a Ion»· beak and a long neck as well, because they get their food from some depth. Practically all these birds and the completely or partially web-footed ones live by preying upon certain of the tiny water-animals, and their neck is to these birds what his fishing-rod is to an angler, while their beak is like a line and hook.
The under and the upper sides of the body (i.e. of what is called the trunk in quadrupeds) are in birds one uninterrupted whole. Instead of arms and forelegs they have wings attached to this part (wings are another peculiarity), and lienee, instead of having the shoulder-blade on their back they have the ends of the wings there.
Birds, like men, have two legs, which are bent in-
a According to Ogle, this means that the main stem of the toe corresponds to the ridge of the nose, and the lobes on either side of it to the tlattened nostrils. * 6
* aXuirrais 6 PQSU : (iXicvtlkos ό Υό : αλιευτικό? Ζ, vulg.
6 ή Υb : oni. vulg.
6 sic Υό, Ogle : άττηρτ. γὰρ αντί et Π10Χ ἔχουσι post -προσθίων vulg.
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καθάπερ τα τετράποδα είσω, καί ούχ ώσπερ άνθρω-5 πος εξω· τάς δε πτέρυγας, ως τα πρόσθια σκέλη των τετραπόδων, επί τό περίφερες, δίπουν δ* εξ ανάγκης εστιν των γάρ εναίμων η του όρνιθος ουσία, άμα δε καί πτερυγωτός, τα δ’ εναιμα ου κινείται πλείοσιν η τετταρσι ση με ίο ις. τα μεν οΰν άπηρτημενα μόρια τετταρα, ώσπερ τοΐς αλλοις τοΐς πεζοΐς καί τοΐς πορευτικοΐς, εστι καί τοΐς ίο ορνισιν α,λλά τοΐς μεν βραχίονες καί σκέλη, τοΐς δε τετράποσι1 σκέλη τετταρα υπάρχει, τοΐς δ’ ορνισιν αντί των προσθίων σκελών η βραχιόνων πτέρυγες το ίδιον εστιν κατά ταότας γάρ τονικοΓ εισι, τω δ’ ορνίθι εν τη ουσία τό πτητικόν εστιν. ώστε λείπεται αυτοΐς εξ ανάγκης δίποσιν είναι· οντω γάρ 15 τετταρσι σημείοις κινήσονται μετά των πτερύγων.
Στήθος δ’ εχουσιν άπαντες οξύ καί σαρκώδες, οξύ μεν προς την πτήσιν (τα γάρ πλατέα πολύν άερα ώθοΰντα δυσκίνητά εστι), σαρκώδες δε, διότι το οξύ άσθενες μη πολλήν εχον σκεπήν.
'1‘ττο δε το στήθος κοιλία μέχρι προς την εξοδον 20 του περιττώματος καί την τών σκελών καμπήν, καθάπερ τοΐς τετράποσι καί τοΐς άνθρώποις. μεταξύ μεν ούν τών πτερύγων καί τών σκελών ταΰτα τα μ.όριά εστιν.
’Ομφαλόν δ’ εν μεν τή γενεσει άπαντα εχει
1	sic ΡΥ6, Ogle : σκέλη, τοΐς δέ τετρ. οηι. vulg.
2	ιπτητικοί conied ; idem Th. (volatiles Gaza).
° For an explanation of Aristotle’s terminology on this subject see additional note on p. 433.
b The chief difficulty in translating this passage is due to the word rovucoi, a jargon-adjective in -ικός, which seems to have been suggested to Aristotle’s mind by the similar adjec-406
TARTS OF ANIMALS. IV. xii.
wards as in the quadrupeds, not outwards as in man.0 The wings are bent Λνΐΐΐα the convex side outwards, like the forelegs of quadrupeds. It is inevitable that a bird should have two feet, for (a) it belongs essentially to the blooded creatures and (b) it is winged, and (c) four is the greatest number of motion-points which a blooded creature can have. So there are four parts (or limbs) attached to a bird’s body, and this corresponds exactly with the other blooded creatures, viz. those that live and. move upon the ground. The only difference is that whereas the latter have two arms and two legs (or, if they are quadrupeds, four legs), the peculiarity of birds is that they have wings instead of arms (or forelegs). As its very essence includes the power to fly, a bird must have something which it can stretch out, and wings provide this.6 So it remains that of necessity a bird shall have two feet: these with the two wings bring up the number of its motion-points to four.
All birds have a sharp-edged, fleshy breast : sharp-edged, for flying (a wide surface displaces so much air that it impedes its own motion) ; fleshy, because a sharp-edged thing is weak unless it has a good covering.
Below the breast is the stomach, which extends (as in the quadrupeds and in man) as far as the residual vent and the point where the legs join the body.
Those are the parts, then, which have their situation between the wings and the legs.
Birds, in common with all animals which are pro-
tive πτητικόν in the next line. Literally, the passage reads: “ for it is at these [viz. the wings] that birds are stretchable ; and flight-ability is included in the essence of a bird.”
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οσαπερ ζωοτοκεΐται η ώοτοκεΐται, των δ’ ορνίθων ανζηθεντων άδηλος. η δ’ αίτια δηλη εν τοΐς περί 25 γενεσιν els γάρ το εντερον ή συμφασις γίνεται, καί ονχ ώσπερ τοΐς ζωοτόκοις των φλεβών τι μόριον εστιν.
Έτι των ορνίθων οι μεν πτητικοί και τάς πτέρυγας 694 a μεγάλος εχουσι και ισχυρός, οΐον οι γαμφώνυχες και ώμοφάγοι· ανάγκη γάρ πτητικούς1 είναι διά τον βίον, ώσθ’ ενεκα τούτου καί πλήθος εχουσι πτερών καί τάς πτέρυγος μεγάλος, εστι δ’ ου μόνον τα 5 γαμφώνυχα άλλα καί άλλα γένη ορνίθων πτητικά, όσοις η σωτηρία εν τη ταχυτητι της πτησεως η εκτοπιστικος 6 βίος. ενια δ’ ου πτητικά των ορνίθων εστίν αλλά βαρέα, οίς ά βίος επίγειος καί εστι καρποφάγο η πλωτά καί περί ύδωρ βιοτευου-σιν. εστι δε τα μεν των γαμφωνύχων σώματα μικρά άνευ2 των πτερύγων διά το εις ταύτας3 άνα-λίσκεσθαι την τροφήν (καί)4 εις τα όπλα καί την ίο βοήθειαν τοΐς 8ε μη πτητικοΐς τουναντίον τα σώματά ογκώδη, διά βαρέα εστίν. εχουσι 8 ενιοι των βαρέων βοήθειαν αντί των πτερύγων τα καλούμενα3 πλήκτρα επί τοΐς σκελεσιν. άμα 3’ οι αυτοί ου γίνονται πλήκτρα εχοντες καί γαμφώνυχες-15 αίτιον δ’ οτι ούδεν η φύσις ποιεί περίεργον, εστι δε τοΐς μεν γαμφωνύχοις καί πτητικοΐς άχρηστα τα
1 πτητικούς Ρ, Rackham : πτητικά Υδ : πτητικοΐς Ζ, vulg.
2 post άνευ habent τὥν πτερών και Υb.
3 εις ταύτας QSUΖ : ενταύθα vulg.
1 </αΰ> O^rle.	5 desiuit Ζ.
° This passage must be supplemented by reference to others (such as De gen. an. IDA b 20 ff., and Hist. An. 561 b), in which Aristotle speaks of two umbilici or umbilical cords—i.e. he recognized the allantois as well as the umbilical vesicle. He 408
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duced alive or out of eggs, have an umbilicus while they are developing, but when they are more fully grown it ceases to be visible. The reason for this is clear from Avhat happens during their development : the umbilical cord grows on to the intestine and unites with it, and does not form a part of the system of blood-vessels, as it does in the Vivipara.®
The good fliers have big strong wings, e.g. the birds which have crooked talons and feed on raw meat: these must be good fliers owing to their habits of life, and so they have an abundance of feathers and big wings. But there are other sorts of birds which are good fliers beside these : birds whose safety lies in their speed of flight ; and migrants. Some birds are poor fliers : heavy birds, which spend their time on the ground and feed on fruits ; or birds that live on and around the water. The crook-taloned birds, leaving out of account their wings, have small bodies, because the nutriment is used up to produce the wings and Aveapons of offence and defensive armour. The poor fliers, on the contrary, have bulky, and therefore heavy, bodies. Some of these instead of wings have ns a means of defence “ spurs ” on their legs. The same bird never possesses both spurs and talons, and the reason is that Nature never makes anything that is superfluous or needless. Spurs are of no use to a states that in the bird’s egg, as the embryo grows, the allantois (the “ second umbilicus ”) collapses first and then the “ first umbilicus” (De gen. an. 754 a 9). Actually the reverse order is the correct one, but the interval is comparatively short. The umbilical vesicle in mammals, which shrivels very early in the process of development, escaped the notice of Aristotle, who supposed their allantois to be comparable to the umbilical vesicle of reptiles and birds. The umbilical vesicle of mammals was discovered by Needham in 1667. (See Ogle’s note ad loc.)
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πλήκτρα· χρήσιμα γάρ εστιν εν ταΐς πεζαΐς μάχαις, διό ύπαρχο, ενίοις των βαρέων τούτοις δ’ ον μόνον άχρηστοι άλλα καί βλαβεροί οι γαμφοί όνυχες τω εμπηγννσθαι ύπεναντίοι προς την πορείαν όντες. 20 διό καί τα γαμφώννχα πάντα φαύλως πορεύεται καί επί πέτραις ον καθιζάνουσιν ύπεναντία γάρ αύτοΐς προς άμφότερα η των ονυχών φύσις.
'Έξ ανάγκης δε τούτο περί την γενεσιν συμβεβη-κεν. τό γάρ γεώδες εν τω σώματι εξορμεομε-νον1 χρήσιμα μόρια γίνεται προς την αλκήν άνω μεν ρνεν ρόγχους εποίησε σκληρότητα η μεγεθος, 25 αν δε κάτω pvfj, πλήκτρα εν τοΐς σκελεσιν η επί των ποδών ονυχών μεγεθος καί ίσχύν. άμα δ' άλλοθι καί άλλοθι εκαστα τουτων ον ποιεί’ δια-σπωμενη γάρ ασθενής γίνεται η φύσις τούτου τον περιττώματος, τοΐς δε σκελών κατασκευάζει μη-694 b /cos', ενίοις δ’ αντί τούτων συμπληροι τό μεταξύ τών ποδών καί διά τοΰτο άναγκαίως οι πλωτοί τών ορνίθων οι μεν απλώς είσί στεγανόποδες, οι δε διηρημενην μεν εχονσι την καθ' εκαστα τών δακτν-5 λων φνσιν, προς εκάστω δ’ αυτών προσπεφυκεν οΐον πλάτη καθ' δλον συνεχής.
Έ£ ανάγκης μεν ουν ταΰτα συμβαίνει διά ταύτας τάς αιτίας· ως δε διά τό βελτιον εχονσι τοιοντους τούς πόδας του βίου χάριν, ίνα ζώντες εν ύγρώ καί τών πτερύγων1 2 αχρείων οντων τούς πόδας χρησίμους εχωσι προς την νεΰσιν. γίνονται γάρ ώσπερ
1	ίξορμώμενον Peck : καί ϋξορμον ϊ κ τούτου τὰ Υ6 : ἔξω ρυεν Langkavel; fortasse εξορμάται και εκ τούτου τὰ.
2	πτερύγων Υb, Ogle : πτερών vulg.
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bird that has talons and can fly well : spurs are useful for fights on the ground, and that is why certain of the heavy birds possess them, while talons would not be merely useless to them but a real disadvantage “ : they would stick in the ground and impede the birds when walking. And in fact all crook-taloned birds do walk badly, and they never perch upon χ-ocks ; in both instances the nature of their claws is the impediment.®
This state of affairs is the necessary result of the process of their development. There is earthy substance in the bird’s body which courses along and issues out and turns into parts that are useful for weapons of offence. When it courses upwards it produces a good hard beak, or a large one ; if it courses downwards it produces spurs on the legs or makes the claws on the feet large and strong. But it does not produce spurs and large claws simultaneously, for this residual substance would be weakened if it were scattered about. Again, sometimes this substance makes the legs long ; and in some birds, instead of that, it fills in the spaces between the toes. Thus it is of necessity that water-birds either are web-footed, simply, or (if they have separate toes) they have a continuous fan or blade, as it were, running the whole length of each toe and of a piece with it.
From the reasons just stated it is clear that feet of this sort are the result of necessity, it is true ; but they conduce to a good end and are meant to assist the birds in their daily life, for these birds live in the water, and while their wings are useless to them, these feet are useful and help them to swim. They ° See above, note on 648 a 16.
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10 αι κώπαι τοι? πλέουσι καί1 τα πτερύγια τοΐς ίχθύ-σιν διό καί εάν των μεν τα πτερύγια σφαλή, των δε το μεταξύ των π οδών, ούκέτι νεουσιν.
’Ένιοι δε μακροσκελείς των ορνίθων εΐσίν. αίτιον δ’ οτι 6 βίος των τοιούτων ελειος· τα δ’ όργανα προς το εργον ή φύσις ποιεί, άλΧ ου το εργον προς 15 τα όργανα, διά μεν οΰν το μη πλωτά είναι ου στεγανόποδά εστι, διά Se το εν ύπείκοντι είναι τον βίον μακροσκελή καί μακροδάκτυλα, καί τάς κάμπας εχουσι πλείους εν τοΐς δακτύλοις οι πολλοί αυτών, επεί δ’ ου πτητικά μεν, εκ της δ’ αυτής νλης εστι πάντα, η εις το ούροπυγιον αύτοις τροφή 20 εις τα σκέλη καταναλισκομένη ταΰτα ηϋξησεν. διά καί εν τη πτήσει άντ' ούροπυγίου χρώνται αύτοις· πετονται γάρ άποτείνοντες εις το όπισθεν οϋτω γαρ αύτοις χρήσιμα τά σκέλη, άλλως δ’ εμποδίζοιεν αν.
Τα δε βραχυσκελή (τα) σκέλη2 προς τή γαστρι έχοντα πετονται· τοΐς μεν γάρ αύτών ούκ εμποδί-25 ζουσιν οι πόδες οϋτω, τοΐς δε γαμφώνυξι και προ έργου είσι προς την αρπαγήν.
Ύών δ’ εχόντων ορνίθων τον αύχένα μακρον οι μεν παχύτερον έχοντες πετονται έκτεταμενω τω αύχενι, οι δε λεπτότερον3 συγκεκαμμένω- επιπετο-μενοις γάρ διά την σκεπήν ήττον εϋθρυπτόν εστιν.
695 a Ισχίον δ’ εχουσι μεν οι όρνιθες πάντες ή ούκ αν δόξαιεν έχειν, αλλά δύο μηρούς διά το του ισχίου μήκος- ύποτέταται γάρ μέχρι μέσης της γαστρός. αίτιον δ’ οτι δίπουν εστι τούτο το ζωον ούκ ορθόν
1	καί Υb, Ogle : om. vulg.
2	τα be βραχυσκελή ΡΥό ; correxi: ἔνια δέ βραχώ <τὰ Lang-kavel> σκέλη vulg.
3	λετττότερον Peck : λεπτόν καί μακρον vulg. : [καί μακρον] sed. Rackham.
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are like oars to a sailor or fins to a fish. A fish that has lost its fins can no longer swim ; nor can a bird whose webs have been destroyed.
Some birds have long legs, owing to their living in marshes ; for Nature makes the organs to suit the work they have to do, not the work to suit the organ. And these birds have no webs in their feet because they are not water birds, but because they live on ground that gives under them they have long legs and long toes, and most of them have additional joints in their toes. Furthermore, though these birds are not great fliers, they are composed of the same materials as the rest, and thus the nutriment which in the others goes to produce the tail feathers, in these is used up on the legs and makes them grow longer, and when in flight these birds stretch them out behind and use them in place of the missing tail feathers : placed thus, the legs are useful to them ; otherwise they would get in the way.
Short-legged birds keep their legs up against the belly while they are flying, because if the feet arc. there they are cmt of the way ; the crook-taloned birds do it for an additional reason : the feet are convenient for seizing prey.
When a bird has a long neck, this is either thick and is held stretched out during flight ; or it is slender and is bent up during flight, because being protected in this way it is less easily broken if the bird flies into anything. All birds have an ischium, but in such a way that they \vould not appear to have one ; it is so long that it reaches to the middle of the belly and looks more like a second thigh-bone. The reason for this is that a bird, although a biped, does not stand
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{ον},1 ως ει γε είχε, καθάπερ έν τοΐς άνθρώποις η 6 τοΐς τετράποσιν, από της έδρας βραχύ τό Ισχίον καί τό σκέλος ευθύς έχόμενον, ηδυνάτει αν ολως έστάναι. 6 μεν γαρ άνθρωπος ορθόν, τοΐς δε τετ ράποσι προς τό βάρος σκέλη εμπρόσθια νπερηρει-σται. οι δ’ όρνιθες ονκ ορθοί μεν δι α τό νανώδεις είναι την φύσιν, σκέλη δ’ εμπρόσθια ονκ έχον-ιο σιν διά το πτέρυγας έχειν3 ἀντ’ αυτών, αντί 8έ τούτου μακράν η φύσις το ισχιον ποιησασα εις μέσον προσηρεισεν εντεύθεν δ’ ύπέθηκε τα σκέλη, όπως ίσορρόπου οντος του βάρους ενθεν και ενθεν πορεύεσθαι δύνηται και μένεινέ δι ην μεν ούν αιτίαν δίπουν εστ'ιν ονκ ορθόν ον, εΐρηταί" του 8 άσαρκα τα σκέλη είναι η αυτή αιτία καί επι των τετραπόδων, υπέρ ης καί πρόσθεν εϊρηται.
15 Ύετραδάκτυλοι δ’ είσί πάντες οι όρνιθες ομοίως οι στεγανόποδες τοΐς σχιζόποσιν (περί γαρ τοΰ στρου-θοϋ τον Αιβυκου ύστερον διοριονμεν, ότι δίχηλος, άμα τοΐς λοιποις εναντιώμασιν οίς έχει προς το των ορνίθων γένος). τούτων δ’ οι μεν τρεις έμπροσθεν, ο δ’ εις όπισθεν προς ασφάλειαν αντί πτέρνης· 20 καί των μακροσκελών λείπει τούτο κατά μέγεθος, οΐον συμβέβηκεν επί της κρεκός· πλείους δ’ ονκ έχονσι δακτύλους ,5 επί μεν ούν τών άλλων ούτως η τών δακτύλων έχει θέσις, η δ’ ϊνγζ δυο μόνον έχει τούς έμπροσθεν καί δυο τους όπισθενβ* αίτιον 1 2 3
1	<όν> Rackham, cf. 1. 14 infra.
2	δλως PQU, O^Ie : ορθόν vulg.^
3	correxi ; έχονσιν διὰ τοΰτο -πτέρυγας έχουσιυ vulg. (πτέρυγας, δέ altero έχουσιυ omisso, Υ, Ogle, qui post διὰ τοΰτο interpungit).
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upright ; and if it had an ischium which extended only a short way from the fundament and was followed immediately by the leg (as in man and the quadrupeds), it would be unable to stand up at all. Man can stand upright, and quadrupeds have forelegs to support their forward weight ; birds, however, neither stand upright (because they are dwarflike), nor have forelegs (because they have wings instead).® By way of compensation, Nature has made the ischium long, reaching to the middle of the body, and has fixed it fast, while beneath it she has placed the legs, so that the weight may be equally distributed on either side and the bird enabled to walk and to stand still. This shows why birds are bipeds although they are unable to stand upright. The reason why their legs are lacking in flesh is the same as for all quadrupeds and has been stated already.6
All birds, web-footed or not, have four toes on each foot. (The Libyan ostrich will be dealt with later,0 and its cloven hoof and other inconsistencies with the tribe of birds will be discussed.) Of these four toes, three are in front, and the fourth is at the back instead of a heel, for stability. In the long-legged birds this toe is deficient in length, as for instance in the Crex. Still, the number of toes does not exceed four. This arrangement of the toes holds good generally, but the Avryneck is an exception, for it has only two toes in front and two at the back. This is because
0 See above, 693 b 3 ff.
b See 689 b 10 ff. c At the end of the book. 4
4 μένειν Yb : μένη vulg. s διὰ τήν στενότητα τοΰ σκέλους add. ΡΥδ. β έμπροσθεν . . . όπισθεν Karsch: όπισθεν . . . έμπροσθεν vulg.
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oas a	y	,	, ,	,
25 δ’ ὅτι ήττάν εστιν αυτής το σώμα προπετες επι το πρόσθεν ή το των άλλων.
Ορχεις δ’ εχουσι μεν πάντες οι όρνιθες, εντός δ’ εχουσιν ή δ’ αιτία εν τοΐς περί τας γενεσεις λεχθήσεται των ζώων.
695 b Τα μεν ονν των ορνίθων μόρια τον τρόπον εχει τούτον.
XIII.	Τό Se των Ιχθύων γένος ετι μάλλον κεκολο-βωται των εκτός μορίων, οντε γάρ σκέλη ούτε χεΐρας οντε πτέρυγας εχουσιν (εϊρηται δε περί του-5 των η αιτία πρότερον), άλλ’ όλον από της κεφαλής τό κύτος συνεχές εστι μέχρι τής ουράς, ταντην δ’ ονχ όμοίαν εχονσι πόντε ς, άλλα, τα μεν παραπλήσιον,1 των δε πλατέων ενια ακανθώδη καί μακράν ή εκεΐθεν γάρ ανξησις γίνεται εις τό πλάτος, ο ιόν εστι νάρκαις και τρνγόσι και ει τι τοιοΰτον άλλο ίο σελαχός ἐστιν, των μεν οδν το ιόντων ακανθώδες καί μακράν τό ουραίο ν εστιν, εν ίων δε σαρκώδες μεν βραχύ δε δια. την αυτήν αιτίαν δι' ήνπερ ταΐς νάρκαις· διαφέρει γό.ρ ονδεν, ή βραχύ μεν σαρκω-δεστερον δε, ή μακράν μεν άσαρκότερον δ’ είναι.
Έττι δε τών βατράχων τό εναντίον σνμβεβηκεν Ιδ διά γάρ τό μη σαρκώδες είναι τό πλάτος αυτών τό εμπρόσθιον, όσον άφήρηται σαρκώδες, προς τό όπισθεν αυτών2 εθηκεν ή φύσις καί την ουράν.
Oύκ εχονσι δ’ άπηρτημενα κώλα οι ιχθύες διά τό νευστικήν είναι την φνσιν αυτών κατά τον τής ουσίας λόγον, επει ούτε περίεργον ονδεν ούτε μάτην
1	μιν άλλα π. Ρ: μιν άμτ] ττ. Platt: μεν παραπλήσια <τοΐς irrepvyiois) Ogle, similia voluit Thurot.
2	αυτών U : αυτό Vulg.
° See De gen. an. 714 b 4 ff., 719 b 11.
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the weight of its body tends forward less than that of other birds.
All birds have testicles, but they are inside the body. The reason for this will be stated in the treatise on the different methods of generation among animals.0
This concludes our description of the parts of Birds, (iii.) Fishes:
XIII.	In the tribe of Fishes the external parts are still further stunted. Fishes have neither legs, hands, nor wings (the reason has been stated earlier), hut the whole trunk has an uninterrupted line from head to tail. Not all fishes’ tails are alike ; but the Tail general run of them have similar tails, though some of the flat-fish have a long, spiny one, because the material for the tail’s grcnvth goes into the width of the flat body : this happens in the torpedo-fishes, in the Trygons, and any other Selachians of the same sort. These have long, spiny tails. Others have short, fleshy ones, and for the selfsame reason : it comes to the same thing whether the tail is short and has a good deal of flesh or long with little flesh.
In the fishing-frog6 the opposite has taken place.
Here, the wide, flat part of the body in front is not fleshy ; Nature has taken the fleshy material away from the front and added an equivalent amount at the back—in the tail.
Fishes have no separate limbs attached to the body.
(a) This is because Nature never makes anything that is superfluous or needless, and by their essence and constitution c fishes are naturally swimmers and so b Lophius piscatorius, known as the “ goosefish ” in U.S.A., erroneously included by Aristotle (De gen. an.
754 a 25) with the Selachia, though he observed that it differed in many important points. e Logos : see Introduction, pp. 26 f.
417
ARISTOTLE
695	b	,	,	, s, „	,	,	χ ,
«ο η φύσις ποιεί. επει ο εναιμα εστι κατο, την ουσίαν, διά μεν το νευστικά είναι πτερύγια εχει, διά 8e τό μη πεζεύειν ούκ εχει πόδας- η γάρ των ποδών πρόσθεσις προς την επί τω πεδίω κίνησιν χρήσιμός εστιν. άμα δε πτερύγια τετταρα και πόδας ούχ οΐόν τ’ εχειν, ούδ' άλλο κώλον τοιοΰτον ούδεν 25 εναιμα γάρ. οι δε κορδύλοι βράγχια εχοντες πόδας εχονσιν πτερύγια γάρ ούκ εχουσιν, άλλα την ουράν μανώδη και πλατείαν.
’Έχονσι 8e των ιχθύων οσοι μη πλατείς, καθάπερ βάτος και τρύγων, τετταρα πτερύγια, δύο μεν εν
696	a τοΐς πρανεσι, δύο δ’ εν τοΐς νπτίοις· πλείω δε
τούτων ουδείς, άναιμοι γάρ αν ησαν. τούτων δε τα μεν εν τω πρανεΐ σχεδόν πάντες εχουσι, τά δ’ εν τοΐς ύπτίοις ενιοι των μακρών καί πάχος εχόντων 6 ούκ εχουσιν, οΐον εγχελυς και γόγγρος και κεστρεων τι γένος τό εν τη λίμνη τη εν Σ*ιφαΐς. όσα δ’ εστί μακροφυεστερα και όφιώδη μάλλον, οίον σμύραινα, ούδεν εχουσι πτερύγιον απλώς, αλλά ταΐς καμπαΐς κινούνται, χρώμεναι τω ύγρώ ώσπερ οι όφεις τη γη· τον αύτόν1 γάρ οι όφεις τρόπον2 νεουσιν όνπερ ίο επι της γης ερπονσιν. αιτία δε τού μη εχειν τους όφιώδεις τών ιχθύων πτερύγια, ηπερ και τών όφεων τού άποδας είναι, τό δ’ αίτιον εν τοΐς περί πορείας και κινησεως τών ζώων εΐρηται. η γάρ κακώς αν εκινούντο, τετταρσι σημείοις κινούμενα
1	τον αυτόν Peck : τούτον vulg.
2	οί όφεις τον τρόπον Υb:	τον delevi:	τόν τρόπον οι όφεις
vulg._______________________________________________
α The Cordylus was probably the larval form of some triton or newt, such as Triton alpestris or Salamandra atra, which retains its gills till it is well grown (D’Arcy Thompson).
6 i.e. pectoral.	* i.e. ventral.
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need no such limbs. But also (b) they are essentially blooded creatures, which means that if they have four fins they cannot have any legs or any other limbs of the sort ; so they have the fins because they are swimmers and do not have the feet because they are not walkers (when an animal has feet it has them because they are useful for moving about on land).
The Cordylus^ however, has feet in addition to its gills, since it has no fins, but only a scraggy flattened-out tail.
Excluding flat-fish (like the Batos and Trygon), fish Fins, have four fins : two on their under and two on their upper surface, never more, for then they would be bloodless animals. Almost all fishes have the two upperb fins, but some of the large, thick-bodied fishes lack the under c two—as for instance the eel and the conger, and a sort of Cestreus that is found in the lake at Siphae.d Fishes that have even longer bodies than these, and are really more like serpents (as the Smyraena®), have no fins at all, and move along by bending themselves about : that is, they use the water just as serpents use the ground. And in fact serpents swim in exactly the same way as they creep on the ground. The reason why these serpent-like fishes have no fins and the reason why serpents have no feet are the same, and this has been stated in the treatises on the Locomotion and Movement of AnimalsJ (a) If they had four motion-points, their movement would be poor, because the fins would
d In Boeotia, on the south coast near Thespiae ; now Tipha. Aristotle refers to this Cestreus of Siphae again, l)e incessu an. 708 a 5. Cf. also Hist. An. 504 b 33.
* Probably Muraena Helena.
f See De incessu an. 709 b 7 ; perhaps the other passage which Aristotle has in mind is 690 b 10', in this book.
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(etre γάρ σύνεγγυς εΐχον τα πτερύγια, μόγις αν 15 εκινοΰντο, είτε πόρρω, διά τό πολύ μεταξύ)· ει δε πλείω τα κινητικά σημεία ειχον, άναιμα αν ήν. η δ’ αντη αιτία και επι των δύο μόνον εχόν-των πτερύγια ιχθύων όφιώδη γάρ εστι και εύ-μηκεστερα, και χρήται τη κάμφει άντι των δύο πτερυγίων, διό και εν τω ξηρώ ερπουσι καί ζώσι 2ο πολύν χρόνον, και τα μεν ούκ ευθύ, τα δ’ οικεία της πεζής όντα φύσεως ηττον άσπαρίζει.
Αυτών δε των πτερυγίων τα εν τοΐς πρανεσιν εχει τα δύο εχοντα πτερύγια μόνον, όσα μη κωλύεται διά το πλάτος· τα δ’ εχοντα προς τη κεφαλή εχει διά το μη όχειν μήκος εν τω τόπω, ω άντι τούτων 25 κινήσεται· επι γάρ την ουράν πρόμηκες το των τοιούτων εστίν ιχθύων σώμα, οι δε βάτοι και τα τοιαΰτα άντι τών πτερυγίων τω εσχάτω πλάτει νεουσιν. τα. δ’ ηττον εχοντα πλάτος πτερύγια εχουσιν, οΐον ή1 νάρκη καί ο βάτραχος, τα (μεν)2 εν τω π ράνει κάτω διά τό πλάτος τών άνω, τα δ* εν τοΐς ύπτίοις προς τη κεφαλή (ου γάρ κωλύει κινεί-so σθαι τό πλάτος) · άλλ’ άντι τοΰ άνω ελάττω ταΰτα τών εν τω π ράνει όχει. ή δε νάρκη προς τη ούρα εχει τα δύο πτερύγια- άντι 8e τών δυο τω πλάτει χρήται ως δυσι πτερυγίοις εκατερω τω ήμικυκλίω.
Περί δε τών εν τη κεφαλή μορίων καί αισθητηρίων ειρηται πρότερον.
1 τὰ δ’ ήττον . . . οἶον ή Ρ : ή δέ tantum vulg.
2 <μἔν> Langkavel.
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either be very close together, or else a long way apart, and in either case would not move easily. (6) On the other hand, if they had more than four motion-points they would be bloodless creatures. The same reason holds good for those fishes that have only two fins. These also are serpent-like and fairly long, and they use their power of bending instead of the two missing fins. And this enables them besides to crawl about and to live a good length of time on dry land ; and it is some while before they begin to gasp; indeed, those which are akin to the land-animals are affected even less than the others.
Except for those whose width and flatness prevents it, all fishes that have only two fins have the upper a ones ; and these fins are by the head., because there is no length of body just there which they could use instead of fins for propulsion—length such as fish of this sort have towards their tail-end. The Batoi and such fishes swim by means of the edge of their flat surface which they use instead of fins. Fish which are not so flat, such as the torpedo-fish and the fishing-frog, possess fins, but they have their upper fins toward their tail-end owing to the flatness of the forepart, and their under fins near the head (since the flatness of the fish does not prevent its motion) ; but the under ones are smaller than the upper ones, to make up for being placed forward. The torpedo-fish has two of his fins by his tail ; and instead of these two he uses the wide piece on each of his semicircles b as though it were a fin.
We have already spoken of the parts in the head and of the sense-organs.
0	i.e. pectoral.
b Cf. De incessu an. 709 b 17.
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"Ιδιον δ’ εχει το τών Ιχθύων γένος προς τάλλα τα 696 b εναιμα ζώα την τών βράγχιων φύσω· δι’ ήν δ’ αιτίαν, είρηται iv τοΐς περί αναπνοής. καί όχει δε τα εχοντα βράγχια τα μεν επικαλύμματα τοΐς βραγχίοις, τα δε σελάχη πάντα1 ακάλυπτα, αίτιον 5 δ’ οτι οι μεν ακανθώδεις είσί, το δ’ επικάλυμμα ακανθώδες, τα δε σελάχη πάντα χονδράκανθα. ετι δ’ η κίνησις τών μεν νωθρά2 διά το μη ακανθώδη είναι μηδε νευρώδη, τών δ’ ακανθωδών ταχεία· του δ’ επικαλύμματος ταχεΐαν δει γίνεσθαι την κίνησιν ώσπερ γάρ προς εκπνοήν η τών βράγχιων εστι ίο φύσις, διά τούτο τοΐς σελαχώδεσι καί αυτών τών πόρων η συναγωγή γίνεται τών βράγχιων, και ου Βει επικαλύμματος, όπως γα·ηται ταχεία.
Οι μεν οΰν αυτών εχονσι πολλά βράγχια οι δ’ ολίγα, καί οι μεν διπλά οι δ’ άπλα- τό δ’ έσχατον άπλοΰν οι πλεΐστοι. (την δ’ ακρίβειαν εκ τών 15 ανατομών περί τούτων καί εν ταΐς ιστορίαις ταΐς περί τα ζώα δει θεωρεΐν.) αίτιον δε του πλήθους καί τής όλιγότητος το τού εν τή καρδία θερμού πλήθος καί όλιγότης· θάττω γάρ καί ίσχυροτεραν την κίνησιν δει είναι τοΐς πλείω εχουσι θερμότητα, τα δέ πλείω καί διπλά βράγχια τοιαύτην εχει την 20 φύσιν μάλλον τών απλών καί ελαττόνων. διά καί ενια αυτών εξω ζήν δύναται πολύν χρόνον, τών εχόντων ελάττω καί ήττον εγκρατή τα βράγχια, οΐον εγχελυς και δσα όφιώδη· ου γάρ πολλής δέονται καταφύζεως.
"Εχει δε καί περί το στόμα διαφοράς, τα μεν 25 γάρ κατ' αντίκρυ εχει το στόμα καί εις τό πρόσθεν,
1 (χοι δράκαινα γάρ) post πάντα vulg., Om. Ρ.
2 ή κίνησις . . . νωθρά Υ: αἱ κινήσεις . . . νωθραι vulg.
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The peculiarity which marks oft' fishes from the GiUs. other blooded animals is the possession of gills. It has been explained in the treatise on Respiration a why they have them. All fishes have coverings over their gills, except the Selachia, none of which have them.
This is because their bones are cartilaginous, Avhereas other fishes’ bones are of fish-spine, and this is the substance out of which the coverings are made. And again, the Selachia move sluggishly owing to their lack of fish-spine—and of sinews—while the spinous fishes move quickly, and the movement of the covering must be a quick one, for gills are a medium for expiration of a sort. On this account in the selachian group of fishes the passages of the gills can dose up by themselves, and no covering is needed to make sure they close quickly.
Now some fish have many gills, some have few ; some have double ones, some single. The last one is nearly always a single one. (For precise details consult the Anatomical treatises and the Researches upon Animals?) The number of gills depends upon the amount of heat in the heart. The more heat an animal has, the quicker and stronger must be the movement of its gills ; and if the gills are numerous and double they are better adapted for this than if they are few and single. And on this account, some fishes (e.g. the eels and the serpentine fishes) which need but little cooling, as is shown by their having only a few weakish gills, can live a long time out of water.
Fish differ also with regard to the mouth. Some Mouth, have their mouth right at the tip, straight in front;
At 476 a 1 ff., 480 b 13 ff. 6 At 504 b 23 ff.
423
ARISTOTLE
τα δ’ ἐν τοΐς νπτίοις, olov οι τε δελφΐνες1 και τα σελαχώδη· δι ο και ύπτια στρεφόμενα λαμβάνει την τροφήν, φαίνεται δ’ ἡ φύσις ον μόνον σωτήριας ενεκεν ποίησαι τούτο των άλλων ζώων (εν γαρ τή στρεφει σώζεται τάλλα βραδννόντων πάντα γαρ 80 τα τοιαΰτα ζωοφάγα ἐστι ν), άλλα καί προς το μη άκολουθεΐν τή λαιμαργία τή περί την τροφήν' ραον γαρ λαμβάνοντα διεφθείρετ αν διά την πλήρωσιν ταχέως. προς δε τουτοις περιφερή καί λεπτήν εχοντα την του ρόγχους φυσιν ονχ οΐόν τ* εύ-διαιρετόν εχειν.
Έτι δε καί των άνω τό στόμα εχόντων τα μεν 697 a άνερρωγός εχει τό στόμα τα δε μνουρον, οσα μεν σαρκοφάγα, άνερρωγός, ώσπερ τα καρχαρόδοντα, διά τό εν τω στόματι είναι τοΐς τοιοντοις την ισχνν, όσα δε μή σαρκοφάγα, μνουρον.
Τό δε δέρμα οι μεν λεπιδωτόν εχουσιν αυτών (ή 6 δε λεπίς διά λαμπρότητα καί λεπτότητα του σώματος άφίσταταί), οι δε τραχύ, οΐον ρίνη καί βάτος καί τα τοιαΰτα· ελάχιστα δε τα λεία, τα δε σελάχη άλεπίδωτα μεν τραχέα δ’ εστί διά τό χονδράκανθα εΐναι■ το γαρ γεώδες εκεΐθεν ή φύσις είς τό δέρμα κατανήλωκεν.
ίο νΟρχεις δ’ ονδείς εχει ιχθύς οντ εκτός ουτ εντός
1	δελψΐνεϊ non probant Frantzius, Ogle; similia Hist. An. 591 b 26 secludunt Aubert et Wiinmer.
0 This statement about dolphins, though repeated at Hist, an. 591 b 26, is incorrect, and as Aristotle was familiar with 424
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others have it underneath (e.g. the dolphin a and the selachians) and that is why they turn on to their backs to get their food. It looks as if Nature made them do this partly to preserve other animals from them, for they all prey on living things, and while they are losing time turning on to their backs the other things get away safely ; but she did it also to prevent them from giving way too much to their gluttonous craving for food, since if they could get it more easily they would presently be destroyed through repletion. Another reason is that their snout is round and small and therefore cannot have much of an opening in it.
There are differences too among those that have their mouth above. With some it is a great wide opening- (these are the flesh-eaters, as e.g. those with sharp interfitting teeth, whose strength is in their mouth) ; with others (the non-flesh-eaters) it is on a tapering snout.
As for the skin : some have a scaly skin (these Skin, scales are shiny and thin and therefore easily come loose from the body) ; others have a rough skin, e.g. the Rhine and the Batos and such. Those with smooth skins are the fewest. Selachia have skins which are scaleless but rough, owing to their bones being cartilaginous : instead of using the earthy matter on the bones Nature has used it for the skin.
No fish has testicles b either without or within. Nor Testicles.
the creature, some editors consider this reference to be an interpolation.
b By this Aristotle does not mean that fish have no organ for the secretion of sperm, but that they have no organ similar in shape and consistency to those of mammalia, etc. He calls the corresponding organs in fish not testes, but tubes, or roe. Aristotle’s statement does not, of course,.include the Selachia, which have compact, oval testes.
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(οόδ’ άλλο τι των άπόδων ούδεν, διό ουδ’ οι οφεις), πόρον δε τον περιττώματος και των περί την γενεσιν τον αυτόν, καθάπερ και τάλλα ωοτόκα1 πάντα και2 τετράποδα, διά τό μη εχειν κυστιν μηδε γίνεσθαι περίττωμά αύτοΐς υγρόν.
15 Τό μεν οΰν των Ιχθύων γένος προς τάλλα ζώα ταυτας εχει τάς διαφοράς, οι δε Βελφΐνες και αι φάλαιναι και πάντα τα τοιαΰτα των κητών βράγχια μεν ονκ εχουσιν, αυλόν δε διά τό πνεύμονα εχειν δεχόμενα γάρ κατά τό στόμα την θάλατταν άφιάσι κατά τον αυλόν, ανάγκη μεν γάρ δεζασθαι τό 20 υγρόν διά τό λαμβάνειν την τροφήν εν τω ύγρώ’ δεξάμενα δ’ άφιεναι άι>αγκαΐον. τα μεν οΰν βράγχιά εστι χρήσιμα τοΐς μη άναπνεουσιν’ δι’ ην δ’ αιτίαν, είρηται εν τοΐς περί αναπνοής· αδύνατον γάρ άμα τό αυτό άναπνεΐν καί βράγχια εχειν αλλά προς την άφεσιν του ΰδατος εχουσι τον αυλόν, κεΐται δ’ 25 αντοΐς οντος προ του εγκεφάλου· διελάμβανε γάρ αν από της ράχεως αυτόν, αίτιον δε του πνεύμονα ταυτ’ όχειν καί άναπνεΐν, ότι τα μεγάλα των ζώων πλείονος δεΐται θερμότητος ίνα κινητά ι* διό 6 ττνεύμων έγκειται αύτοΐς θερμότητος ών πλήρης αίματικης. εστι δε ταϋτα τρόπον τινά (καί)8 πεζά so καί ένυδρα· τον μεν γάρ άερα δέχεται ως πεζά, άποδα δ’ εστι καί λαμβάνει εκ του ύγροΰ την 697 b τροφήν ώσπερ τα ένυδρα, καί αι φώκαι δε καί αι νυκτερίδες διά τό επαμφοτερίζειν αι μεν τοΐς εννδροις καί πεζοΐς, αι Se τοΐς πτηνοΐς καί πεζοΐς, διά τούτο άμφοτερων τε μετεχουσι καί ουδέτερων.
1 ζωοτόκα PSUY.
* και (δίποδα καί) Ogle.
8 {και) Rackham.
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have any other footless animals, and this includes the serpents. In fish the passage for the residue and for the generative secretion is one and the same ; and this is so in all other oviparous animals, four-footed ones included. This is because they have no bladder and produce no liquid residue.
Thus we have seen what are the differences to be inter-noticed in fish as a group as compared with other “eatures: animals. Dolphins and whales and all such Cetacea, ('-) Cetacea, however, have no gills, but they have a blowhole because they have a lung. They cannot help letting the sea-water enter the mouth because they feed in the water, and once it has got in they must get it out again, and they do so through the blowhole. Gills, of course, are of service herein to those creatures that do not breathe. The reason for this has been given in my book on Respiration11: no creature can breathe and at the same time have gills ; instead, these Cetacea have a blowhole for getting rid of the water.
It is placed in front of the brain, otherwise it would separate the brain from the spine. The reason why these creatures have a lung and breathe is that large animals need more heat than others to enable them to move ; consequently they have a lung inside them full of heat derived from the blood. They are, in a way, land-animals as well as water-animals : they inhale the air, like land-animals, but they have no feet and they get their food from the water as water-animals do. Similarly, seals and bats are in an inter- (ii.) Seals mediate position. Seals are between land-animals an bate* and water-animals, bats between land-animals and fliers : thus they belong to both classes or to neither.
° References given above, see on 696 b 2.
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5 αι τε γάρ φώκαι ως μεν ένυδροι πόδας εχουσιν, ως δε πεζαί πτερύγια1 (του? γαρ όπισθεν πόδας ιχθυ-ώδεις εχουσι πάμπαν, ετι δε τονς οδοντας παντας καρχαρόδοντας και οξείς) · και αι νυκτερίδες ως μεν πτηνά εχουσι πόδας, ως δε τετράποδά ουκ εχουσι, και οϋτε κέρκον εχουσιν ούτ’ ούροπύγιον, διά μεν ίο τό πτηνά είναι κέρκον, διά δε το πεζά ούροπύγιον. συμβεβηκε δ’ αύταΐς τοΰτ εξ ανάγκης· etai γαρ δερμόπτεροι, ούδεν δ’ εχει ούροπύγιον μη σχιζό-πτερον εκ τοιοντου γάρ πτερού γίνεται το ονρο-πύγιον. η δέ κέρκος και εμπόδιος αν ην ύπάρχονσα εν τοις πτεροΐς.
Τον αύτον δε τρόπον και ό στρουθός ό Αιβυκός' 15 τα μεν γάρ ορνιθος όχει, τα δε ζωον τετράποδος, ως μεν γάρ ούκ ων τετράπονς πτερά εχει, ως δ* ούκ ων ορνις ούτε πεταται μετεωριζόμενος, και τά πτερά ου χρήσιμα προς πτήσιν αλλά τριχώδη' ετι δε ως μεν τετράπονς ων βλεφαρίδας εχει τάς άνωθεν και φίλος εστι τά περί την κεφαλήν καί τα 20 άνω του αύχενος, ώστε τριχωδεστερας εχειν τάς βλεφαρίδας, ως δ’ ορνις ών τά κάτωθεν επτερωται’ καί δ ιττους μεν εστιν ως ορνις, δίχαλος δ’ ως τετράπονς· ου γάρ δακτύλους εχει αλλά χηλάς. τούτου S’ αίτιον ότι το μεγεθος ούκ ορνιθος εχει αλλά τετράποδος· ελάχιστον γάρ άναγκαΐον είναι το 25 μεγεθος ώς καθόλου είπεΐν το των ορνίθων ού γάρ ρόδιον πολύν όγκον κινεΐσθαι σώματος μετέωρον.
1 πτερύγια Ogle: πτέρυγας vulg.
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Seals, if regarded as water-animals, are anomalous in having feet ; if regarded as land-animals, in having fins (their hind feet are altogether like those of fishes—i.e. fins ; and all their teeth too are sharp and interlocking). Bats, too, if regarded as birds, are anomalous in having feet"; if regarded as quadrupeds, in not having feet6; furthermore, they have neither a quadruped’s tail (because they are fliers) nor a bird’s tail (because they are land-animals). This their lack of a tail like a bird’s is a necessary consequence, since they have membranous wings, and no creature has a tail of this sort unless it has barbed feathers : such tails are always made out of barbed feathers.
And a tail of the other sort growing among feathers would be a definite impediment.
After the same style is the Libyan ostrich: in(i'i.)The some points it resembles a bird, in others a quadruped. °strich* As not being a quadruped, it has feathers ; as not being a bird, it cannot rise up and fly, and it has feathers that are like hairs and useless for flight.
Again, as being a quadruped, it has upper eyelashes, and it. is bald in the head and the upper part of the neck, as a result of which its eyelashes are hairier than they would otherwise be ; as being a bird, it is feathered on its lower parts. Also, as a bird, it has two feet ; but, as a quadruped, it has cloven hoofs (it has hoofs and not toes). The reason is that it has the size not of a bird but of a quadruped. Speaking generally, a bird has to be very small in size, because it is difficult for a body of large bulk to move off the ground.
a That is, of the sort that birds ought not to have, viz. on their winprs.
* That is, of the sort that quadrupeds ought to have.
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Ile/31 μεν ovv των μορίων, διά τίν* αιτίαν έκαστον ἐστιν’ iv τοΐς ζώοις, είρηται περί πάντων των ζώων καθ' έκαστον' τούτων δε διωρισμε'νων εφεξής εστι 30 τα περί τάς γενίσεις αυτών δίελθεΐν.1
1 τούτων . . . διίλθίΐν om. Υb, et statim incipiunt librum
ds incessu.
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We have now spoken severally of all the animals : Conclusion, we have described their parts, and stated the reason why each is present in them. Now that this is concluded, the next thing is to describe the various ways in which animals are generated.
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Additional Note on 681 b 21-29
Commentators agree that no satisfactory sense can be obtained from the first three lines of this passage as it stands in Bekker’s edition. None has so far produced a remedy; but an examination of the Arabic translation (or of Michael Scot’s Latin translation made from the Arabic) shows plainly what has happened. In neither of these two translations is there any reference whatever to a diagram until 685 a 2. Thus the ms. from which our present Greek text is derived had been corrupted through the efforts of someone who tried to improve the text of 6S4· b -22-27 by inserting references to a diagram here also ; and the result is that these references have caused the complete loss of one important phrase (b 22) and serious corruption of another (b 24-25). Some dislocation has also been caused in the lines following, up to line i29.
The two diagrams given in the sis. Ζ are obviously constructed to suit the interpolated text. One of the mss. (Merton 278) of Michael Scot’s version has an entirely different diagram ; the three mss. of Scot at Cambridge have no diagram at all, nor has the Arabic ms. B.M. Add. 7511.
I give below the passage as it appears in Michael Scot’s version.
Natura ergo istorum duornm modorum est sient diximus ; et propter hoc ambulant unifor miter1 sicut accidit animalibus quadrupedibus et hominibns etiam. homo vero habet os in capite, scilicet in parte superiori corporis ; deinde habet stomachum, deinde ventrem, et post ventrem intestinum per-veniens ad locum exit us superfluitatis. iste ergo res in animalibus habentibus sanguinem sunt secundum hanc dis-positionem, et post caput est clibanus, scilicet pectus, et quod vicinatur ei. alia vero membra sunt propter ista, etc.
I am much indebted to Dr. R. Levy for his kindness in reading this passage for me in the Arabic in Brit. Mus. ms. Add. 7511.
1 inuniformtier Caius 109 & Camb. U.L. Ii. 3. 16; fortasae igitur scribendum uniformiter et non inuniformiter.
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Additional Note on 693 b 3
Explanation of Aristotle’s terminology for describing the bending of limbs.
When Aristotle is speaking about the bending of limbs, backwards and forwards are relative to the direction in which the whole animal moves ; inwards and outwards are relative to the bulk of the body itself.
Thus, backwards means that the angle of the bent joint points backwards ; imcards means that the extremity of the limb is brought inwards towards the body, that is, the angle of the bent jioml points away from the main bulk of the body. (“ Inward ” and “ outward ” bending thus have no connotation of “ bandy-legs ” and “ knock-knees.”)
All four legs bend inwards ; The forelegs bend forwards : The hindlegs bend backwards.
The leg bends inwards, and backwards.
(See De incess. an. 711 a 8 if., Hist. An. 49S a 3 if.)
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Additional Note on the ms. Ζ
The following portions of the text of De partibus are contained in the Oxford ms. Ζ (see p. 50) :
fol. 60Γ, 60τ. I. 639 b 29 to 640 b 24. μέχρι to μάλλον αν inclusive.
fol. 61r, 61τ. I. 644 a 25 to 645 a 17. καθόλου to τοι? φυ inclusive.
Between these two folios it has apparently lost four folios, as well as one at the beginning of Book I and another at the end.
fol. lr-19r. Book II.
fol. 19y-3Gr. Book III, but the words ου πολύ to (ύρυχώρους inclusive (675 a 30-b 27) are omitted, with no indication by the original scribe that anything has been omitted :	this
passage has been supplied by a later hand in the margins of fol. 35v and 36r and on 36v.
Book IV is written by yet another (later) hand, and this Book occupies fol. 37r-59T, at the end of which folio it breaks off at the words τὰ καλούμενα (694 a 13). The rest of Book IV is lost.
In the apparatus I have used the following abbreviations in quoting this ms. :
Ζ Books I, II and most of III (first hand, c. a.d. 1000).
Z1 indicates the reading of the first hand where this has been altered by another.
Z2 indicates later correctors of Z1.
Ζ indicates the readings of the ms. in Book IV.
I have collated from photostats the whole of the portion written by the first hand, and the readings of Ζ quoted have been confirmed by reference to the photostats.
I have used the symbol E when quoting the readings of E from 680 b 36 onwards, as this part of the ms. is written in a later hand.
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INTRODUCTION
That the De incessu animalium is a genuine work of Aristotle himself has never been disputed. The De motu animalium has been regarded by many critics as a spurious work, though recent opinion has favoured its genuineness. Brandis, Rose and Zeller all condemn it, but its Aristotelian authorship has been upheld by Werner Jaeger (Hermes, xlviii. pp. 31 ff.), who makes out a very strong case in its favour, and by the Oxford translator, Mr. A. S. L. Farquharson. Those λυΗο deny its authenticity rely mainly on the supposition that there is a reference in 703 a 10-11 to the De spiritu. This treatise is generally admitted to be un-Aristotelian, but the reference, as Mr. Farquharson has pointed out, might relate equally Λνεΐΐ to numerous other passages in the Aristotelian corpus ; Michael Ephesius refers it to a treatise Uepl τροφή?, not otherwise known. In style, vocabulary and syntax the De motu animalium is entirely Aristotelian, and its doctrine corresponds with that set forth in Aristotle’s genuine works.
Each treatise has its proper place in the scheme of Aristotle’s biological works. Both are theoretical, the De incessu animalium, like the De partibus animalium, dealing with the material side of living things, and the De motu animalium, like the De generatione animalium, dealing with their consequential properties.
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The chief mss. of the De motu animalium are E, Y, Ρ and S.a Of these E, one of the most famous of Aristotelian mss., is the oldest ; Y is closely related to E. Ρ and S are similarly related and form a second group.
Of the De incessu animalium the principal mss. are Ζ, Y, U, S and P.a Of these Ζ is the oldest, and Y is closely related to it, while the other three mss. form another group.
A full account of these mss. and their relations to one another «ill be found in the Introduction (pp. iv. ff.) of W. W. Jaeger’s text (Teubner, 1913).
The text used for the present translation is based on that of I. Bekker, all divergences from which are noted and the authority given for the reading adopted. Jaeger’s text and apparatus criticus have been consulted throughout.
The Commentary of Michael Ephesius (Com-mentaria in Aristotelem Graeca, xxii. 2, Hayduck, 1904) has been of some assistance both for the text and for the interpretation, and the Latin version of Nicholaus Leonicus (died 1599), printed in the Berlin Aristotle, Yol. Ill, has been constantly consulted.
The two treatises have been translated into French by J. Barthelemy-Saint-Hilaire, and into English by Mr. A. S. L. Farquharson in the Oxford translation (1912). This translation with its ample explanatory notes constitutes much the most serious attempt that has been made to interpret these two treatises, and anyone who follows in Mr. Farquharson’s footsteps must necessarily be heavily indebted to him.
E. S. F.
0 For the meanings of these symbols see pp. 439 and 483.
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Chap. I. The origin of all movement must itself be unmoved. So if there is to be animal movement, something in the animal must be at rest. Hence joints are necessary.
II.	There must also be a resisting medium external to the moving animal. Illustration from the rowing of a boat.
III.	The nature of the “ prime mover.” The fable of Atlas.
IV.	The “ prime mover ” is of necessity outside the universe. The movement of inanimate things must originate from animate things.
V.	Alteration, growth, generation and corruption as forms of motion.
VI.	How does the soul move the body ? Animal movement lies in the sphere of action. Its limitation in comparison with eternal movement.
VII.	Animal movement the result of the syllogism of action, not of the speculative syllogism. Animal movement compared with that of automatic toys.
VIII.	Tie psychology of animal movement and the organic changes which accompany it. The cause of movement must be situated in a definite origin.
IX.	The two sides of the body are similar and can move simultaneously : both are moved by the soul.
X.	The motive power is “ innate spirit.” Comparison between the animal organism and a well-ordered civic community.
XI.	Involuntary and non-voluntary movements. Conclusion.
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ABBREVIATIONS USED IN THE APPARATUS CRITICUS
E= Codex Parisinus Regius 1853.
Y = Codex Vaticanus 261.
P= Codex Vaticanus 1339.
S	= Codex Laurentianus 81. 1.
Leon. = Latin translation of Nicolaus Leonicus. Mich. = Greek commentary of Michael Ephesius.
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ΠΕΡΙ ΖΙ2ΙΙ2Ν ΚΙΝΗΣΕΩ2
698 a Ι. ΐίερί Βε κινησεως τής τών ζώων, ὅσα μεν αυτών περί έκαστον ύπαρχε ι γένος, καί τινες Βιαφοραί, και τινες αίτια ι των καθ' έκαστον συμ-βεβηκότων αύτοΐς, επεσκεπται περί απάντων εν ετεροις· όλως Βε περί τής κοινής αίτιας τοΰ κι-5 νεΐσθαι κίνησιν οποιανοΰν (τα μεν γάρ πτήσει κινείται τα Βε νεάσει τα Βε πορεία των ζώων, τα δβ κατ' άλλους τρόπους τοιούτους) επισκεπτεον νυν.
°Οτι μεν οΰν αρχή των άλλων κινήσεων τό αυτό εαυτό κινούν, τούτου1 Se το ακίνητον, και ότι τό πρώτον κινούν άναγκαΐον ακίνητον ίο είναι, Βιώρισται πρότερον, ότεπερ καί περί κι-νήσεως άϊΒίου, πότερον εστιν ή ούκ εστι, καί ει εστι, τις εστιν. Βε ι Βε τούτο μή μόνον τώ λόγω καθόλου λαβεΐν, άλλα καί επί τών καθ' εκαστα καί τών αισθητών, Bi' άπερ καί τούς καθόλου ζητουμεν λόγους, καί εφ' ών εφαρμόττειν οίόμεθα 15 Βεΐν αυτούς. φανερόν γα,ρ καί επί τούτων ότι αδύνατον κινεΐσθαι μηΒενός ήρεμοΰντος, πρώτον μεν iv αύτοΐς τοΐς ζώοις. δει γαρ, αν κινήται τι τών μορίων, ήρεμεΐν τι· καί Βία. τούτο αι καμπαί
1 τούτου ΕΡΥ: τούτο S.
410
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I.	We have inquired elsewhere 0 into the details of the movement of the various kinds of animals, the differences between these movements, and the causes of the characteristics which each exhibit ; we must now inquire generally into the common cause of animal movement of whatever kind—for some animals move by flight, some by swimming, some by walking, and others by other such methods.
Now that the origin of all the other movements is that which moves itself, and that the origin of this is the immovable, and that the prime mover must necessarily be immovable, has already been determined when we were investigating 6 whether or not eternal movement exists, and if it does exist what it is. And this we must apprehend not merely in theory as a general principle but also in its individual manifestations and in the objects of sense-perception, on the basis of which we search for general theories and with which we hold that these theories ought to agree. For it is clear also in the objects of sense-perception that movement is impossible if there is nothing in a state of rest, and above all in the animals themselves. For if any one of their parts moves, another part must necessarily be at rest ; and
0 In the De partibus animalium.
6	Physics viii. 258 b 4-9.
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τοι? ζώοις εΐσίν. ώσπερ γάρ κέντρω χρώνται ταΐς καμπαΐς, καί γίνεται το ολον μέρος, εν ω η καμπή, και εν και δυο, και ευθύ καί κεκαμμένον, μεταβάλλον δυνάμει και ενεργεί α διά την καμπήν. καμπτόμενου δε καί κινούμενου το μεν κινείται σημεΐον το δε μένει των εν ταΐς καμπαΐς, ώσπερ αν ει της διαμέτρου ή μεν Α και η Δ μένοι, η δε Β κινοΐτο, και γίνοιτο η ΑΓ. άλλ’ ενταύθα μεν δοκεΐ πάντα τρόπον αδιαίρετον είναι το κέντρον [και γάρ το κινεΐσθαι, ως φασι, πλάττονσιν επ αυτών ου γάρ κινεΐσθαι1 των μαθηματικών ονδέν), τά δ’ εν ταΐς καμπαΐς δυνάμει και ενεργεία γίνεται ότε μεν εν ότέ δε διαιρετά, άλλ’ ονν αει ή αρχή η προς δ, η2 άρχη, ηρεμεί κινουμένου του μορίου τ ου κάτωθεν, οΐον τοΰ μεν βραχίονος κινουμένου το ωλέκρανον, ολον δε τον κώλου 6 ώμος, και της μεν κνημης το γόνυ, ολον δέ τοΰ σκέλους το ίσχίον. δτι μεν οΰν καί εν αντώ έκαστον τι δει έχειν ηρεμούν, δθεν η άρχη τοΰ κινουμένου εσται, και προς δ άπερειδόμενον
1 κινεΐσθαι ESY : κινείται Ρ.
* ή πpbs 6, ή Jaepcer: ή irpos δ ή ΕΥ : ή πρώτη ή S : ή πρόσω (om. altero άρχη) Ρ.
α e.g. the arm as an arm is one, but is divided into two at the elbow.
6 The term αρχή, which occurs frequently in this treatise, is difficult to render in English by a single word. It is sometimes used generally of the “ origin ” of movement {e.g. 701 b33), but more often of a localized “origin” of movement, 412
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it is on this account that animals have joints. For they use their joints as a centre, and the whole part in which the joint is situated is both one and two," both straight and bent, changing potentially and actually because of the joint. And when the part is being bent and moved, one of the points in the joint moves and one remains at rest, just as would happen if A and D in the diameter of a circle were to remain still while Β moved, and the radius AC were formed. (In geometrical figures, however, the
centre is considered to be	-----
in every respect indivisible—	jr
for movement, too, in such /
figures is a figment, so they /	\
say, since in mathematics Dr--------------------]β
nothing actually moves,—	\	J
whereas the centres in the \	J
joints are, potentially and	n.
actually, sometimes one and	^
sometimes divided.) Be that as it may, the origin 6 to which the movement can be traced, qua origin., is always at rest while the part below it is in motion —the elbow-joint, for instance, when the forearm is in motion, the shoulder when the whole arm is moved, the knee when the shin is moved, and the hip when the whole leg is moved. It is obvious, then, that every animal too must have in itself something that is at rest, in order to provide that which is moved with the origin of its movement, supported whether, as here, in a single member, or at the centre of the body, viz. the heart (701 b 25, 29), where a further idea of “ ruling ” seems to be implied (e.g. 702 a 37). It is also used sometimes in the literal sense of “ beginning,” and this and the meaning· of “ origin ” of motion may occur in the same passage and cause confusion (e.g. 702 a 36-b 2).
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καί ολον άθρόον κινηθησεται καί κατά, μέρος, φανερόν.
II.	Άλλα πάσα η εν αύτώ ηρεμία όμως άκυρος, αν μη τι έξωθεν η απλώς ηρεμούν καί ακίνητον. 10 άξιον δ’ έπιστησαντας επισκέφασθαι περί του λεχθέντος· εχει γάρ την θεωρίαν ου μόνον όσον έπϊ τα ζώα συντείνουσαν, αλλά καί προς την τοΰ παντός κίνησιν καί φοράν, ώσπερ γάρ καί εν αύτώ 8εΐ τι ακίνητον είναι, ει μέλλει κινεΐσθαι, ούτως έτι μάλλον έξω 8εΐ τι είναι τοΰ ζώου 15 ακίνητον, προς ο άπερειόόμενον κινείται το κινου-μενον. ει γάρ ύποόώσει αει, οΐον τοΐς μυσί1 τοι ς εν τη γΐ)2 η τοΐς εν τη άμμω πορευομένοις, ου πρόεισιν, ov8, έσται ούτε πορεία, ει μη ή γη μένοι, ούτε πτησις η νεύσις, ει μη ό άηρ η η θάλαττα άντερείόοι. ανάγκη 8ε τοΰτο έτερον είναι τοΰ κινουμένου, καί όλον όλου, καί μόριον μηόέν είναι 20 τοΰ κινουμένου το ούτως ακίνητον ει 8έ μη, ου κινηθησεται. μαρτύριον	τούτου το άπορού-
μενον, 8ιά τί ποτε τό πλοίον έξωθεν μέν, αν τις ώθη τω κοντώ τον ιστόν η τι άλλο προσβάλλων μόριον, κινεί ραόίως, εάν δ’ εν αντώ τις ών τω πλοίω τοΰτο πειράται πράττειν, ούκ αν κινησειεν 25 ο ὅτ5 αν ο Τ ιτυός οϋθ’ ο Βορία? πνέων έσωθεν εκ τοΰ πλοίου, ει τύχοι πνέων τον τρόπον τοΰτον όν-
1 μνσϊν libri: έμνσι coni. Diels.
2 7V libri: ^eiq. coni. Farquharson.
a It is doubtful whether Lhe ms. reading will bear this interpretation, and eu ττ} yrj is probably corrupt. It is more 444
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upon which it will move both as an integral whole and in its several parts.
II.	Any quality of rest, however, in an animal is of no effect unless there is something outside it which is absolutely at rest and immovable. And it is worth while to stop and consider this dictum ; for the reflection which it involves applies notmerely to animals, but also to the motion and progression of the universe. For just as in the animal there must be something which is immovable if it is to have any motion, so a fortiori there must be something Λνΐιϊοΐι is immovable outside the animal, supported upon Avhich that which is moved moves. For if that which supports the animal is to be always giving way (as it does when mice walk upon loose soila and when persons walk on sand), there will be no progress, that is, no walking, unless the ground Avere to remain still, and no flying or swimming unless the air or sea were to offer resistance. And that which offers resistance must be other than -that which is moved, the whole other than the whole, and that which is thus immovable must form no part of that which is moved ; otherwise the latter will not move. This contention is supported by the problem : Why can a man easily move a boat from outside if he thrusts it along with a pole by pushing against the mast or some other part of the boat, but if he tries to do this when he is in the boat itself, Tityus could not move it nor Boreas by blowing from inside it, if he really blew as the artists
than likely that the comparison is with a mouse trying to walk upon a heap of corn. Farquharson emends ev ry yy to iv τή j«£, which would bear this meaning. (The form tfy, cp. Petrie Pap. ii. p. 69 (3rd cent, b.c.), would be nearer to the ms. reading.) Diels’ suggestion of ίμ,ύσιν for μύσιν is ingenious, but does not give the required sense.
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ΌΪ7θ D	^	Λ	A	J t	^	\	\	A
περ οι γράφεις ποιουσιν εξ αντου γαρ το πνεύμα 699 a άφιέντα γράφουσιν. εάν τε γάρ ήρεμα ριπτή το πνεύμα τις εάν τ’ ισχυρά)ς όντως ωστ άνεμον ποιείν τον μεγιστον, εάν τε άλλο τι fj το ριπτού-μενον ή ωθούμενου, ανάγκη πρώτον μεν προς ηρεμούν τι τά>ν αυτού μορίων άπερειδόμενον ώθεΐν, 6 εΐτα πάλιν τούτο το μόριον, η αυτό η ον τυγχάνει μόριον ον, προς των εξωθεν τι άποστηριζόμενον μενειν. ο δε τό πλοίον ώθών εν τω πλοίω αυτός ών και άποστηριζόμενος προς τό πλοίον εύλόγως ον κινεί τό πλοίον διά τό αναγκαίοι’ είναι προς ο άποστηρίζεται μενειν συμβαίνει δ’ αντω τό αυτό ίο ο τε κινεί και προς ο άποστηρίζεται. εξωθεν δ’ ωθών η έλκων κινεί’ ούθεν γαρ μέρος η γη του πλοίου.
III.	Άπορησειε δ’ αν τις, άρ’ ει τι κινεί τον ολον ουρανόν, είναι τε δει ακίνητον τούτο καί1 μηθόν είναι τού ουρανού μόριον μηδ' εν τω ουρανω. είτε γαρ αυτό κινούμενου κινεί αυτόν, 15 ανάγκη τινός ακίνητον θιγγάνον κινεΐν, καί τούτο μηδέν είναι μόριον τού κινοΰντος· εΐτ ευθύς ακίνητόν εστι τό κινούν, ομοίως ουδεν εσταύ τού κινούμενου μόριον, καί τούτο γ' όρθώς Αεγουσιν οι λεγοντες ότι κύκλω φερομενης της σφαίρας ούδ* οτιοΰν μενει μόριον η γαρ αν ολην αναγκαίου ην 20 μενειν, η διασπάσθαι τό συνεχές αυτής. άλλ’ ότι τούς πόλους οΐονταί τινα δύναμιν εχειν, ούθεν
1 τοντο και scrips!: καί τοντο libri.
* ί'σται Jaeger (cum Leon.): ίσεσθαι libri.
0 Just as Odysseus’ companions while seated in the ship open the bags containing the winds, and the ship is blown out of its course (Homer, Od. x. 46 ff.).
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paint hima; for they make him emit the breath from his own lips. For whether one emits the breath gently or so strongly as to create the greatest gale (and the same is true if that Avhich is thrown or pushed is something other than breath), it is necessary, first, that one should be supported upon one of one’s own members, which is at rest, when one pushes, and secondly, that either this member itself or that of which it forms part, should remain still, resting upon something which is external to it. Now the man who tries to push the boat while he himself is in it and leaning upon it, naturally does not move the boat, because it is essential that that against which he is leaning should remain still ; but in this case that which he is trying to move and that against which he is leaning, is identical. If, on the other hand, he pushes or drags the boat from outside, he can move it ; for the ground is no part of the boat.
III.	The difficulty may be raised, whether, if something moves the whole heaven, this motive power must be unmoved and be no part of the heaven nor in the heaven. For if it is moved itself and moves the heaven, it can only move it by being itself in contact with something that is immovable, and this can be no part of that which causes the movement; or else, if that which causes the movement is from the first immovable, it will be equally no part of that which is moved. And on this point at any rate they are quite right who say that, when the sphere is moved in a circle, no part of it whatsoever remains still ; for either the whole of it must remain still, or its continuity must be rent asunder. They are not right, however, in holding that the poles possess a kind of force,
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έχοντας μέγεθος άλλ’ όντας Εσχατα καί στιγμάς, ον καλώς, προς γάρ τω μηδεμίαν ουσίαν Είναι των τοιουτων μηδενός, και κινεΐσθαι την μίαν κίνησιν υπό δυοΐν αδύνατον τούς δε πόλους δυο 25 ποιοΰσιν. ότι μιν ουν Εχει τι καί προς την όλην φυσιν ούτως ώσπερ ή γη προς τα ζώα και τα κινούμενα δι αυτών, εκ τών τοιουτων αν τις διαπορησειεν. οι δε μυΟικώς τον ’Άτλαντα ποιοϋντες επί της γης εχοντα τούς πόδας δόξαιεν αν από διανοίας είρηκεναι τον μϋθον, ως τούτον ώσπερ διάμετρον όντα και στρεφοντα τον ουρανόν 30 77ερι τούς πόλους■ τούτο δ’ αν συμβαίνοι κατά λόγον διά τό την γην με'νειν. αλλά τοΐς ταΰτα λεγουσιν άναγκαΐον φάναι μηδέν είναι μόριον αυτήν τού παντός, προς δε τούτοις δει την Ισχύν ίσάζειν τού κινούντος και την τού μει'οντος, εστι γάρ τι πλήθος ισχύος και δυνάμεως καθ' ην μενει 35 το μόνον, ώσπερ και καθ’ ην κινεί το κινούν και εστι τις αναλογία εζ ανάγκης, ώσπερ τών εναντίων κινήσεων, ουτω καί τών ηρεμιών. και αι μεν 699b ΐσαι απαθείς υπ’ άλλήλων, κρατούνται δε κατά την ύπεροχην, διόπερ ειτ' 'Άτλας είτε τι τοιούτόν εστιν ετερον τό κινούν τών εντός, ούδεν μάλλον άντερείδειν δει της μονής ην ή γη τυγχάνει μενουσα-η κινηθησεται ή γη από τού μέσου καί εκ τού 5 αυτής τόπου, ως γάρ τό ωθούν ωθεί, οϋτω τό ώθουμενον ωθείται, καί ομοίως κατ' ίσχυν. κινεί
α i.e. their limbs. We should, however, perhaps read δι’ αυτών “the things which move of themselves”: Leon, renders “ea quae per se moventur.”
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since they have no magnitude and are only extremities and points. For besides the fact that nothing of this kind has any substance, it is also impossible for a single movement to be started by a dual agency ; and they represent the poles as two. From these considerations one may hazard the suggestion that there is something which stands in the same relation to Nature as a whole as the earth stands to the animals and the things which are moved through them.0
Now those wlio in the fable represent Atlas as having his feet planted upon the earth would seem to have shown sense in the story which they tell, since they make him as it were a radius, twisting the heaven about the poles ; it would be a logical account, since the earth remains still. But those who hold this view must declare that the earth is no part of the universe ; and, further, the force of that which causes the motion and the force of that which remains still must be equal. For there must be a certain amount of force and strength in virtue of which that which remains still remains still, just as there is a force in virtue of which that which causes motion causes motion ; and there is of necessity a similar proportion between absences of motion as there is between opposite motions, and equal forces are unaffected by one another, but are overmastered by a superiority. Therefore Atlas, or whatever else it is of like kind within that causes motion, must not exert any pressure which is too strong for the equilibrium of the earth ; or else the earth will be moved away from the centre and her proper place. For as that which pushes pushes, so that which is pushed is pushed, and in exact proportion to the force exerted ; but it creates
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δέ τό ηρεμούν πρώτον, ώστε μάλλον και 7τλειων η Ισχύς η όμοια και ίση της ηρεμίας, ωσαύτως 8ε και της1 του κινούμενου μεν, μη κινοΰντος 8ε. τοσαύτην οΰν δεήσει την 8ύναμιν είναι της γης εν τω ήρεμεΐν όσην ό τε πας ούρανος εχει και ίο τό κινούν αυτόν, ει 8ε τούτο αδύνατον, αδύνατον και τό κινεΐσθαι τον ουρανόν υπό τινος τοιουτου των εντός.
IV.	Έστι δε τις απορία περί τάς κινήσεις των του ουρανού μορίων, ην ως ούσαν οικειαν τοΐς ειρημενοις επισκεφαιτ αν τις. εάν γάρ τις υπερ-βάλλη τη δυνάμει της κινησεως την της γης 15 ηρεμίαν, δηλον οτι κινήσει αυτήν από του μέσον. και ή ισχύς δ’ άφ’ ής αυτή ή δυναμις, ότι ούκ άπειρος, φανερόν· ούδε γάρ ή γη άπειρος, ώστ ούδε τό βάρος αυτής, επε'ι δε τό αδύνατον λεγεται πλεοναχώς (ου γάρ ωσαύτως την τε φωνήν αδύνατόν φαμεν είναι όραθήναι και τούς επί τής σελήνης «ο ύφ’ ημών τό μεν γάρ εξ ανάγκης, τό δε πεφυκός όράσθαι ούκ όφθήσεται), τον δ’ ουρανόν άφθαρτον είναι και άδιάλυτον οίόμεθα μεν εξ ανάγκης είναι, συμβαίνει δε κατά τούτον τον λόγον ούκ εξ ανάγκης4 πεφυκε γάρ καί ενδεχεται είναι κίνησιν μείζω καί άφ’ ής ηρεμεί ή γή καί άφ’ ής κινούνται τό 25 πυρ καί τό άνω σώμα, ει μεν οΰν είσίν αι ύπερ-έχουσαι κινήσεις, διαλυθήσεται ταΰτα υπ’ άλλήλων.
1 ττ?* PS : ή Υ: αι E.
α i.e. its central position in the universe.
6 i.e. the region between the air and the moon (Meteor. 340 b 6 ff.).
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motion in that which is first at rest, so that the force exerted is greater than the immobility rather than similar and equal to it, and likewise greater than the force of that which is moved but does not create movement. Therefore the power of the earth in its immobility will necessarily be as great as that possessed by the whole heaven and that which sets it in motion. If, however, this is impossible, the movement of the heaven by any such force within it is also impossible.
IV.	A problem also arises about the movements of the parts of the heaven, which might well be discussed, since it is closely connected with what has been said above. If one were to overmaster the immobility of the earth by the power of motion, one will obviously move it away from the centre.® Moreover it is clear that the force from which this power is derived is not infinite ; for the earth is not infinite, and so its weight is not infinite either. Now the word “ impossible ” is used in several senses (we are using it in different senses when we say that it is impossible to see a sound, and when we say that it is impossible for us to see the men in the moon ; for the former is of necessity invisible, the latter are of such a nature as to be seen but will never be seen by us), but we hold that the heaven is of necessity impossible to destroy and dissolve, whereas according to our present argument it is not necessarily so ; for it is within the nature of things and the bounds of possibility that a motive force should exist greater both than that which causes the earth to be at rest and than that which causes the fire and upper body b to move. If, therefore, the overpowering motive forces exist, these will be dissolved by one another; but if they Ρ 2	451
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el δέ μη ε’ισί μέν, ενδέχεται δ’ είναι (άπειρον γάρ ονκ ενδέχεται διά το μηδέν σώμα ενδέχεσθαι άπειρον εΐν αι), ένδέχοι τ’ αν διαλνθήναι τον ονρανον. τί γάρ κωλύει τοΰτο συμβηναι, είπερ μη αδύνατον; 30 ονκ αδύνατον δέ, el μη τάντικείμενον άναγκαΐον. άλλα περί μεν της απορίας ταντης έτepos έστω λόγος.
*Αρα δΐ δει ακίνητόν τι είναι καί ηρεμούν όξω τον κινουμένου, μηδέν ον εκείνον μόρων, η ου; καί τούτο πότβρον καί επί του παντός ούτως ύπάρχειν άναγκαΐον; ίσως γάρ αν δόξειεν άτοπον 35 είναι, el ή άρχη της κινησεως εντός, διό δόξειεν αν τοΐς ούτως ύπολαμβάνουσιν ευ είρησθαι Όμηρω· άΛΑ’ ονκ αν έρύσαιτ εξ ονρανόθεν πεδίονδε 700 a Τ,ην' ύπατον πάντων, ούδ’ ει μάλα πολλά κάμοιτε· πάντες δ’ εξάπτεσθε θεοί πασαί τε θέαιναι.
τό γάρ ολως άκίνητον υπ* ούδενός ενδεχετα ι κινηθηναι. δθεν λύεται καί η πάλαι λεχθεΐσα άπορία, πότερον ενδέχεται η ούκ ενδέχεται δια-5 λυθηναι την του ουρανού σύστασιν, ει εξ άκίνητον ηρτηται άρχης.
’Επί δέ των ζώων ου μόνον το ούτως άκίνητον δει ύπάρχειν, αλλά καί εν αντοΐς τοΐς κινουμένοις * 6
° ὰ7Γ6ιρον] sc. κίνησιν. The argument is as follows: these overpowering motive forces might exist and be dissolved by one another, because if they can be dissolved, they are not infinite, and the reason why they are not infinite is that they act upon what is finite, and the infinite cannot act on the finite {De caelo, 274 b 23 ff.).
6 It is discussed in the Physics and De caelo.
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do not really exist, but there is a possibility of their existing (for an infinite motive force a is impossible because an infinite body is also impossible), it would be possible for the heaven to be dissolved. For what is there to prevent this happening if it is not impossible ? And it is not impossible, unless the opposite proposition is inevitable. But let us leave the discussion of this question for another occasion.6
Must there, then, or must there not, be something immovable and at rest outside that which is moved and forming no part of it ? And must this be true also of the universe ? For it would perhaps seem strange if the origin of motion were inside. And so to those who hold this view Homer’s words would seem appropriate :
Nay, ye could never pull down to the earth from the summit of heaven,
Zeus, the highest of all, no, not if ye toiled to the utmost.
Come, ye gods and ye goddesses all, set your hands to the hawsers/
For that which is entirely immovable cannot be moved by anything. And it is here that we must look for the solution of the problem stated some time ago, namely, whether it is possible or impossible for the composition of the heaven to be dissolved, seeing that it depends upon an origin which is immovable.
Now in the animals there must exist not only that which is immovable in this sense,'d but there must also be something immovable in the actual things ulrich move from place to place and which themselves
c Iliad viii. 20-22. The lines are quoted in the wrong order and the textus receptus reads μήστωρ’ for πάντων.
d i.e. something immovable and at rest which is outside that which is moved and forms no part of it (cf. 699 b 32).
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Ua	\	/	tf	~y\r/&*s	\	> a
κατα τοττον οσα κινεί αυτα avrα. οει γαρ αντον τό μεν ηρεμεϊν το δε κινεϊσθαι, προς ο άπερειδό-10 μενον το κινούμενου κινησεται, οϊον αν τι κινη των μορίων· άπερείδεται yap θάτερον ως προς μόνον θάτερον. περί δή των άψυχων όσα κινείται άπορησειεν αν τις, πότεροί’ άπαντ εχει εν εαυτοί ς και το ηρεμούν και το κινούν, και προς των Ζξω τι ηρεμούντων άπερείδεσθαι άνάγκη και ταΰτα, η αδύνατον, οΐον παρ η γην η των άψυχων 15 τι, ἀλλ’1 υψά ών ταΰτα κινείται πρώτων, πάντα γαρ υπ’ άλλου κινείται τα άψυχα, άρχη δε πάντων των ούτως κινούμενων τα αυτα αυτα κινουντα. των δε τοιούτων περί μεν των ζώων εΐρηται· τα γαρ τοιαΰτα πάντα άνάγκη και εν αύτοΐς εχειν τό ηρεμούν, και εξω προς ο άπερείσεται. ει δε 20 τι εστ'ιν άνωτερω και πρώτως κινούν, άδηλον, και άλλος Λόγο? περί της τοιαύτης αρχής, τα δβ ζωα οσα κινείται, πάντα προς τα εξω απερ-ειδόμενα κινείται, και άναπνεοντα και εκπνεοντα. ouSey γαρ διαφέρει μέγα ριψαι βάρος η μικρόν, οπερ ποιοΰσιν οι πτυοντες και βηττοντες και οι 25 εισπνεοντες καί εκπνέοντες.
V.	ΐΐότερον δ’ εν τω αυτό κινοΰντι κατά τόπον μόνω δει τι μενειν, η και εν τω άλλοιουμενω αυτω υ φ' αύτοΰ καί αύξανομενω; περί δε γενεσεως της εξ αρχής και φθοράς άλλος λόγος- ει γάρ εστιν 1 άλλ’ Jaeger: άλλα Ρ: ὰλλ’ESY.
451
MOVEMENT OF ANIMALS, ιν.-ν.
move themselves. For while one part of the animal must be in motion, another part must be at rest, supported upon which that will be moved which is moved, if, for example, it moves one of its parts ; for one part rests on another part in virtue of the fact that the latter is at rest.
But regarding inanimate things which are moved, one might raise the question whether they all possess in themselves both that which is at rest and that which creates movement, and whether they too must be supported by something external Avhich is at rest. Or is this impossible—for example, in the case of fire or earth or any inanimate thing—but motion is due to the primary causes by Avhich these are moved ? For all inanimate things are moved by something else, and the origin of all the things that are thus moved is the things that move themselves. Among things of this class we have already dealt with animals ; for all such things must necessarily have within themselves that which is at rest, and something outside them on ■which they are to support themselves. But whether there is something higher and primary which moves them is uncertain, and the question of such an origin of movement is a matter for separate discussion. But animals which move all do so supported upon things outside themselves, as also when they draw their breath in and out. For it makes no difference whether they propel a great or a small weight, as those do who spit and cough, and breathe in and out.
V.	But is it only in that \vhich moves itself in respect of place that something must remain at rest, or is this also true of that in which alteration is caused by its own agency and in that which grows ? The question of original coming into being and
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ήνπερ φαμεν πρώτη κίνησις, γενεσεως και φθοράς 30 αυτή αίτια αν είη, καί των άλλων δε κινήσεων ίσως πασών, ώσπερ δ’ εν τω όλω, καί iv τω ζώω κίνησις πρώτη αυτή, όταν τελεωθή- ώστε καί αυξήσεως, ει ποτε γίνεται, α ντο αύτω αίτιον καί άλλοιώσεως, ει δε μη, ούκ ανάγκη, αι δή πρώται αυξήσεις καί αλλοιώσεις υπ* άλλου γίνονται καί 35 δι’ ετερων γενεσεως δε καί φθοράς ούδαμώς οΐόν 700 b τε αυτό αίτιον είναι αύτω ούδε'ν. προϋπάρχειν γάρ δει το κινούν τοΰ κινούμενου καί τό γεννών του γεννώ μενού · αυτό δ’ αύτοΰ πρότερον ούδεν εστιν.
VI.	Πβρι μεν οΰν φυχης, είτε κινείται η μη, 5 καί ει κινείται, πώς κινείται, πρότερον είρηται εν τοΐς διωρισμενοις περί αυτής. επεί δε τα άφυχα πάντα κινείται ύφ’ ετερου, περί δε1 τοΰ πρώτου κινούμενου καί άεί κινούμενου, τινα τρόπον κινείται, καί πώς κινεί τό πρώτον κινούν, διώρισται πρότερον εν τοΐς περί τής πρώτης φιλοσοφίας, λοιπόν δ’ ίο εστί θεωρήσαι πώς ή φυχή κινεί τό σώμα, καί τις αρχή τής τοΰ ζώου κινήσεως. τών γάρ άλλων παρά την τοΰ όλου κίνησιν τα εμφυχα αίτια τής κινήσεως, όσα μή κινείται υπ’ άλλήλων διά τό προσκόπτειν άλλήλοις. διό καί πέρας εχουσιν αυτών πάσαι αι κινήσεις’ καί γάρ καί αι τών 15 εμφυχων. πάντα γάρ τα ζώα καί κινεί καί κινείται ενεκά τινος, ώστε τοΰτ’ εστιν αντοΐς πάσης τής κινήσεως πέρας, τό ου ενεκα. όρώμεν
1 δέ ES : μιν Υ.
° τουτέστιν . . . οΰκ ανάγκη είναι τι των άλλοιονμένων καί ανξανομένων ύφ αύτων ηρεμούν (Mich.).
b i.e. the Metaphysics.
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corruption is a different one ; for if there is, as we assert, a primary movement, this would be the cause of coming into being and wasting away, and perhaps of all the other movements as well. And as in the universe, so in the animal, this is primary motion, when the animal comes to perfection; so that it is itself the cause of its own growth, if this ever takes place, and of any alteration Avhich occurs ; otherwise it is not necessary that something should remain at rest.® But the first growth and alteration occur through another’s agency and by other means, and nothing can in any way be itself the cause of its own coming into being and wasting away ; for that which moves must be prior to that which is moved, and that which begets to that which is begotten, and nothing is prior to itself.
VI.	Now whether soul is moved or not, and if it is moved, how it is moved, has already been discussed in our treatise On Soul. But since all inanimate things are moved by something else—and how that which is primarily and eternally moved is moved, and how the prime mover moves it, has been already set forth in our work on First Philosophy b— it remains to inquire how the soul moves the body and what is the origin of movement in an animal. For, if we exclude the movement of the universe, animate things are the cause of movement in everything else, except in things which are moved by one another through coming into collision with one another. Therefore all their movements have a limit; for the movements of animate things have a limit. For all animals move and are moved with some object, and so this, namely their object, is the limit of all their movement. Now we see that the
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8ε τα κινοΰντα to ζώον διάνοια ν καί φαντασίαν καί προαίρεσιν καί βουλησιν καί επιθυμίαν, ταντα 8έ πάντα ανάγεται εις νουν καί δρεξιν. καί γάρ 20 η φαντασία καί η αϊσθησις την αυτήν τω νώ χώραν εχουσιν κριτικά γάρ πάντα, 8ιαφερουσι 8ε κατά τάς ειρημενας εν άλλοις 8ιαφοράς. βουλησις 8ε καί θυμός καί επιθυμία πάντα όρεξις, η 8ε προαίρεσις κοινόν 8ιανοίας καί όρεζεως· ώστε κινεί πρώτον τό ορεκτόν καί το 8ιανοητόν. ου παν 25 8ε το 8ιανοητόν, αλλά τό των πρακτών τέλος. 8ιό τό τοιοΰτόν εστι των αγαθών τό κινούν, άλλ* ου παν τό καλόν η γάρ ενεκα τούτου άλλο, καί η τέλος εστι τών άλλου τινός ενεκα οντων, ταυτη κινεί. 8εΐ 8ε τιθεναι καί τό φαινόμενον αγαθόν αγαθού χώραν εχειν, καί τό η8ύ· φαινόμενον γάρ so εστιν αγαθόν, ώστε 8ηλον ότι εστι μεν η ομοίως κινείται το αει κινουμενον υπό του αει κινοΰντος καί τών ζώων έκαστον, εστι 8’ fj άλλως, 8ιό καί τα μεν αει κινείται, ή 8ε τών ζώων κίνησις εχει πέρας, τό 8ε άΐ8ιον καλόν, καί τό αληθώς καί πρώτως αγαθόν καί μη ποτε μεν ποτε 8e μη, S6 θειότερον καί τιμιώτερον η ώστ’ είναι πρότερον1 τι2.
Το μεν οΰν πρώτον ου κινουμενον κινεί, η 8’ 701 a όρεξις καί τό ορεκτικόν κινουμενον κινεί, τό 8ε τελευταΐον τών κινούμενων ούκ ανάγκη κινείν ου8εν. φανερόν δ’ εκ τούτων καί ότι εύλόγως
1 vp&repov ESY: irpos έτερον Ρ.
2	τι add. Jaeger.
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things which move the animal are intellect, imagination, purpose, wish and appetite. Now all these can be referred to mind and desire. For imagination and sensation cover the same ground as the mind (since they all exercise judgement) though they differ in certain aspects as has been defined elsewhere.0 But will, temper, and appetite are all forms of desire, while purpose partakes both of intellect and of desire. So the objects of desire and intellect first set up movement—not, however, every object of intellect, but only the end in the sphere of action. So amongst good things it is the good in the sphere of action that sets up movement, and not any and every good ; for it sets up movement only in so far as it is the motive of something else or the end of something which has something else as its object. And we must lay down the principle that the apparent good can take the place of a real good, and so can the pleasant, for it is an apparent good. So that it is clear that in one respect that which is eternally moved by the eternal mover, and the individual animal, are moved in a similar manner, but that in another respect they are moved differently ; and so, while other things move eternally, animal movement has a limit. Now the eternally beautiful and that which is truly and primarily good, and not at one moment good and at another not good, is too divine and precious to have anything prior to it.
The prime mover, then, moves without itself being moved, but desire and the desiderative faculty set up movement while being themselves moved. But it is not necessary that the last of a series of things which are moved should move anything ; and from this it is clear that it is only reasonable that pro-
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ἡ φορά τελευταία των γινομένων εν τοΐς κινου-μενοις1 · κινείται γάρ καί πορεύεται το ζώον όρεξει 5 ή προαιρέσει, άλλοιωθεντος τινος κατά, την αΐ-σθησιν η την φαντασίαν.
VII.	Πω? §ε νοών ότε μεν πράττει ότε δ’ ου πράττει, καί κινείται, ότε δ’ ου κινείται; εοικε παραπλησίως συμβαίνειν καί περί των ακινήτων διανοουμενοις καί συλλογιζομενοις. ἀλλ’ εκεί μεν 10 θεώρημα το τέλος (όταν γάρ τάς δύο προτάσεις νόηση, τό συμπέρασμα ενόησε καί συνεθηκεν), ενταύθα δ’ εκ των δυο προτάσεων τό συμπέρασμα γίνεται ή πράζις, οΐον όταν νόηση ότι παντί βα-διστεον άνθρώπω, αυτός δ’ άνθρωπος, βαδίζει εύθεως, αν δ’ ότι ούδενί βαδιστεον νυν άνθρώπω, Ιδ αυτός δ’ άνθρωπος, εύθύς ηρεμεί· και ταΰτα άμφω πράττει, αν μή τι κωλυη ή άναγκάζη. ποιητεον μοι αγαθόν, οικία δ’ αγαθόν ποιεί οικίαν ευθύς, σκεπάσματος δέομαι, ϊμάτιον δε σκέπασμα· ιμάτιον δέομαι. ου δέομαι, ποιητεον ίματίου δέομαι' 20 ιμάτιον ποιητεον. και τό συμπέρασμα, το ϊμάτιον ποιητεον, πράξίς εστιν. πράττει δ’ απ' αρχής, ει Ιμάτιον εσται, ανάγκη τάδε πρώτον, ει δε τάδε, τάδε· καί τούτο πράττει ευθύς, ότι μεν ουν ή πράξις τό συμπέρασμα, φανερόν αι δε προτάσεις αι ποιητικοί διά δύο ειδών γίνονται, διά τε τού 25 αγαθού καί διά τού δυνατού.
"Ωσπερ δε τών ερωτώντων ενιοι, οϋτω την ετεραν 1 κινουμένοσ Jaeger: -γι·γνομινοα libri.
° i.e. the objects of science ; cf. An. Post. 71 b 18 ff.
460
MOVEMENT OF ANIMALS, vi.-vii.
gression should be the last thing· to happen in things . that are moved, since the animal is moved and walks from desire or purpose, when some alteration has been caused as the result of sensation or imagination.
VII.	But why is it that thought sometimes results in action and sometimes does not, sometimes in movement and sometimes not ? Apparently the same kind of thing happens as when one thinks and forms an inference about immovable objects.3 But in the latter case, the end is speculation (for when you have conceived the two premisses, you immediately conceive and infer the conclusion) ; but in the former case the conclusion drawn from the two premisses becomes the action. For example, when you conceive that every man ought to walk and you yourself are a man, you immediately walk ; or if you conceive that on a particular occasion no man ought to walk, and you yourself arc a man, you immediately remain at rest. In both instances action follows unless there is some hindrance or compulsion. Again, I ought to create a good, and a house is a good, I immediately create a house. Again, I need a covering, and a cloak is a covering, I need a cloak. What I need I ought to make ; I need a cloak, I ought to make a cloak. And the conclusion “ I ought to make a cloak ” is an action. The action results from the beginning of the train of thought. If there is to be a cloak, such and such a thing is necessary, if this thing then something else ; and one immediately acts accordingly. That the action is the conclusion is quite clear ; but the premisses which lead to the doing of something are of two kinds, through the good and through the possible.
And as those sometimes do who are eliciting con-
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πρότασιν την δηλην ουδ’ η διάνοια εφιστάσα σκοπεί ούδεν οίον ει τδ βαδίζειν αγαθοί1 άνθρώπω, ὅτι . αντος άνθρωπος, ούκ ενδιατρίβει, διό και όσα μη λογισάμενοι πράττομεν, ταχύ πράττομεν. όταν γάρ ενεργηση η τη αίσθησει προς το ου ενεκα η τη 30 φαντασία η τω ΐ’ώ, ον ορέγεται, ευθύς ποιεί· αντ ερωτησεως γάρ η νοησεως η της όρεζεως γίνεται ενέργεια. ποτεον μοι, η επιθυμία λεγει' τοδί δε ποτόν, η αίσθησις εϊπεν η η φαντασία η ό νοΰς· εύθύς πίνει, ούτως μεν ου ν επί τό κινεΐσθαι και πραττειν τα ζώα όρμώσι, της μεν έσχατης αιτίας τον κινεΐσθαι 35 όρεζεως οϋσης, ταυ της δε γινόμενης η δι’ αίσθησεως η διά φαντασίας καί νοησεως. των δ’ όρεγομενων πράττειν τα μεν δι’ επιθυμίαν η θυμόν τα δε δι’ 701 b όρεζιν η βουλησιν τα μεν ποιονσι, τα δε πραττουσιν.
“Ωσπερ §e τα αυτόματα κινείται μικράς κινησεως γινόμενης, λυόμενων των στρεβλών καί κρονουσών1 άλληλας [raj στρεβλάς],2 καί τό άμάζιον, όπερ 5 (το)3 όχονμενον αύτό κινεί είς εύθύ, καί πάλιν κύκλω κινείται τω άνίσονς εχειν τούς τροχούς (6 γάρ ελάττων ώσπερ κέντρον γίνεται, καθάπερ εν τοΐς κυλίνδροις), οντω καί τα ζώα κινείται, εχει γάρ όργανα τοιαϋτα την τε τών νεύρων φυσιν καί την τών οστών, τά μεν ως εκεί τα
1 κρονονσΰν scrips! (Leon, renders laxatis seque mutuo im-pellentibus vertebris): κρονόντων libri.
s ras στρέβλας seclusi.	3 τό addidi. * *
α For this technical use of έρωταν cf. An. Prior. 24 a 24. h By the removal of the pegs (ξύλα), cf. below, 701 b 9, 10.
* The context seems to show that the toy-carriage was on an axle which coupled two wheels of unequal diameter. There is, however, no evidence for the existence of such toy-carriages in antiquity.
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elusions by questioning,1“ so here the mind does not. stop and consider at all one of the two premisses, namely, the obvious one ; for example, if walking is good for a man, one does not waste time over the premiss “ I am myself a man.” Hence such things as we do without calculation, we do quickly. For when a man acts for the object which he has in view from either perception or imagin<ation or thought, he immediately does what he desires ; the carrying out of his desire takes the place of inquiry or thought. My appetite says, I must drink ; this is drink, says sensation or imagination or thought, and one immediately drinks. It is in this manner that animals are impelled to move and act, the final cause of their movement being desire ; and this comes into being through either sensation ον imagination and thought. And things which desire to act, at one time create something, and at another act, by reason either of appetite or of passion, or else through desire or wish.
The movement of animals resembles that of marionettes which move as the result of a small movement, when the strings are released 6 and strike one another ; or a toy-carriage which the child that is riding upon it himself sets in motion in a straight direction, and which afterwards moves in a circle because its -wheels are unequal, for the smaller wheel acts as a centre,c as happens also in the cylinders.d Animals have similar parts in their organs, namely, the growth of their sinews and bones, the latter corresponding to the pegs in the marionettes and the
d The marionettes seem to have been worked by means of cylinders round which weighted strings were wound, the cylinders being set in motion by the removal of pegs.
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ξύλα καί ο σίδηρος, τα δε νεύρα ως αι στρεβλοί' ίο ών λυόμενων καί άνιεμενων κινούνται. εν μεν ονν τοΐς αύτομάτοις και τοΐς άμαξίοις ούκ εστιν άλλοίωσις, εττει ει εγίνοντο ελάττους οί εντός τροχοί και πάλιν μείζονς, καν κύκλιο το αυτό εκινεΐτο· εν δε τω ζώω δύναται τδ αυτό και μεΐζον και ελαττον γίνεσθαι και τα σχήματα μετα-15 βάλλειν, αυξανόμενων των μορίων διά θερμότητα και πάλιν συστελλόμενων διά φύξιν καί άλλοιου-μενων. άλλοιοϋσι δ' αι φαντασίαι καί αι αισθήσεις και αι εννοιαι. αι μεν γάρ αισθήσεις ευθύς νπ-άρχουσιν αλλοιώσεις τινες ούσαι, ή δε φαντασία και ή νόησις την των πραγμάτων εχουσι δύναμιν· τρό-20 ττον γάρ τινα το είδος τό νοούμενοι1 τό του θερμού ή φυχρού ή ήδεος ή φοβερού τοιούτον τυγχάνει ον οιόν περ και των πραγμάτων έκαστον, διό και φρίττουσι καί φοβούνται νοήσαντες μόνον, ταύτα δε πάντα πάθη και ά?0ιοιώσεις εΐσίν. άλλοιον-μενων δ’ εν τω σώματι τα μεν μείζω τά δ’ ελάττω 25 γίνεται, οτι δε μικρά μεταβολή γινόμενη εν αρχή μεγάλος και πολλάς ποιεί διαφοράς άποθεν, ονκ άδηλον οΐον τού ο’ίακος άκαριαΐόν τι μεθισταμενου πολλή ή τής πρώρας γίνεται μετάστασις, ετι δε κατά θερμότητα ή φύξιν ή κατ’ άλλο τι τοιούτον πάθος όταν γενηται άλλοίωσις περί τήν καρδίαν, 30 και εν ταύτη κατά μεγεθος εν άναισθήτω μορίω, πολλήν ποιεί τού σώματος διαφοράν ερνθήμασι και ώχρότησι και φρίκαις και τρόμοις και τοΐς τούτων εναντίοις.
VIII.	'Αρχή μεν ονν, ώσπερ εϊρηται, τής
° The reference is probably to some part of the toy-cariiagc.
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iron γ’ while the sinews correspond to the strings, the setting free and loosening of which causes the movement. In the marionettes and the toy-carriages no alteration takes place, though, if the inner wheels were to become smaller and then again larger, the same circular movement would take place. In the animal, however, the same part can become both greater and smaller and change its form, the members increasing through heat and contracting again through cold and thus altering. Alteration is caused by imagination and sensations and thoughts. For sensations are from the first a kind of alteration, and imagination and thought have the effect of the objects which they present; for in a way the idea conceived—of hot or cold or pleasant or terrible— is really of the same kind as an object possessing one of these qualities, and so we shudder and feel fear simply by conceiving an idea ; and all these affections are alterations, and when an alteration takes place in the body some parts become larger, others smaller. Now it is clear that a small change taking place in an origin of movement 6 causes great and numerous changes at a distance ; just as, if the rudder of a boat is moved to an infinitesimal extent, the change resulting in the position of the bows is considerable. Furthermore, when, owing to heat or cold or a similar affection, an alteration is caused in the region of the heart—and even in an imperceptibly small part of it—it gives rise to a considerable change in the body, causing blushing or pallor or shuddering or trembling or the opposites of these.
VIII.	The origin, then, of movement, as has already
b i.e. here, the heart, cf. below, 701 b 30 ; see also note on 698 b 1.
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■U1 D	/	\	~	~	5	'	'J.	/
κίνησεως ro ev τω ττρακτω οιωκτον και φευκτόν εξ ανάγκης δ' ακολουθεί τη νοήσει και τη φαντασία 35 αυτών θερμότης καί ψύ &ς· το μεν γάρ λυπηρόν φευκτόν, τό δ' τ^δύ διωκτόν (άλλα λανθάνει περί τα μικρά τοΰτο συμβαΐνον), εστι δε τα λυπηρά 702a καί ηδεα πάντα σχεδόν μετά ψύξεως τινος και θερμότητος. τοΰτο δε δηλον εκ των παθημάτων, θάρρη γάρ καί φόβοι καί άφροδισιασμοί καί τάλλα τα σωματικά λυπηρά καί ηδεα τά μεν κατά μόριον μετά θερμότητος η ψύξεως εστι, τα δε καθ' όλον 5 το σώμα· μνημαι δε καί ελπίδες, οιον ειδώλοις χρώμεναι τοΐς τοιούτοις, ότε μεν ηττον ότε δε μάλλον αιτίαι τών αυτών είσίν. ώστ εύλόγως ηδη δημιουργεΖται τά εντός καί τα περί τάς άρχάς τών οργανικών μορίων μεταβάλλοντα εκ πεπηγότων 10 υγρά καί εξ υγρών πεπηγότα καί μαλακά καί σκληρά εξ άλλήλων. τούτων δε συμβαινόντων τον τρόπον τοΰτον, καί ετι τοΰ παθητικού καί ποιητικού τοιαύτην εχόντων την φύσιν οΐαν πολ-λαχοΰ είρηκαμεν, όπόταν συμβη ώστ είναι τό μεν ποιητικόν τό δε παθητικόν, καί μηδέν άπολίπη is αυτών εκάτερον tojv εν τω λόγω, ευθύς τό μεν ποιεί τό δε πάσχει, διά τοΰτο δ' άμα ως ε'ιπείν νοεί ότι πορευτεον καί πορεύεται, αν μη τι εμ-ποδίζη ετερον. τά μεν γάρ οργανικά μέρη παρασκευάζει επιτηδείως τά πάθη, η δ' όρεξις τά πάθη, την δ' όρεξιν η φαντασία' αυτή δε γίνεται η διά νοησεως η δι' α'ισθησεως. άμα δε καί ταχύ -ο διά το {r0y ποιητικόν καί παθητικόν τών προς άλληλα είναι την φύσιν. 1
1 τό add. Bonitz.
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been said, is the object of pursuit or avoidance in the sphere of action, and heat and cold necessarily follow the thought and imagination of these objects. For what is painful is avoided, and what is pleasant is pursued. We do not, it is true, notice the effect of this in the minute parts of the body ; but practically anything painful or pleasant is accompanied by some degree of chilling or heating. This is clear from the effects produced. Reckless daring, terrors, sexual emotions and the other bodily affections, both painful and pleasant, are accompanied by heating or chilling·, either local or throughout the body. Recollections too and anticipations, employing, as it were, the images of such feelings, are to a greater or less degree the cause of the same effects. So it is with good reason that the inner portions of the body and those which are situated near the origins of the motion of the organic parts are created as they are, changing as they do from solid to liquid and from liquid to solid and from soft to hard and vice versa. Since, then, these processes occur in this way, and since, moreover, the passive and the active principles have the nature which we have frequently ascribed to them, Avhenever it so happens that the one is active and the other passive and neither fails to fulfil its definition, immediately the one acts and the other is acted upon. So a man thinks he ought to go, and goes, practically at the same time, unless something else hinders him. l'or the affections fittingly prepare the organic parts, the desire prepares the affections, and the imagination prepares the desire, while the imagination is due to thought or sensation. The process is simultaneous and quick, because the active and the passive are by-nature closely interrelated.
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To Se κινούν πρώτον το ζώον ανάγκη είναι εν τινι άρχή. ή καμπή οτι μεν εστι τοΰ μεν άρχη τον δε τελευτή, είρηται. διά και εστι μεν ως ενί, εστι δ’ ως δυσι χρήται η φύσις αυτή. όταν γάρ κινητά ι 25 εντεΰθι-ν, ανάγκη το μεν ήρεμεΐν των σημείων των εσχάτων, το δε κινεΐσθαΐ’ οτι γάρ προς ηρεμούν δει άπερείδεσθαι το κινούν, εϊρηται πρότερον, κινείται μεν οΰν και ου κινεί το έσχατον του βραχίονος, τής δ’ εν τω ώλεκράνω κάμφεως το μεν κινείται το εν αύτώ τω δλω κινουμενω, άνάγκη δ’ είναι τι και άκίνητον, 30 δ δη φαμεν δυνάμει μεν εν είναι σημεΐον, ενεργεία δε γίνεσθαι δύο· ώστ ει το ζώον ήν βραχίων, εν-ταΰθ’ αν που ήν ή άρχή τής φυχής ή κινούσα, επει δ’ ει ’δέχεται καί προς την χειρα εχειν τι ούτως τών άφύχων, οΐον ει κινοίη την βακτηρίαν εν τή χαρί, φανερόν δτι ούκ αν εΐη εν ούδετερω 35 ή φυχή τών εσχάτων, οϋτ’ εν τω εσχάτω τοΰ κινούμενου οϋτ' εν τή ετερα άρχή. και γάρ το 702 b ξύλον εχει και άρχ ήν και τέλος προς την χείρα. ώστε διά γε τούτο, ει μη εν τή βακτηρία ή κινούσα άπό τής φυχής άρχή ενεστιν, ούδ εν τή χ^ιρι· ομοίως γάρ εχει καί το άκρον τής χειρος προς τον καρπόν, και τούτο τό μέρος προς το ωλέκρανον.
5 ούδεν γάρ διαφέρει τά προσπεφυκότα τών μη
° i.e. the same relation as the forearm has to the elbow.
6 i.e. the end of the stick where it meets the hand.
c i.e. the origin of the movement of the hand which is situated in the wrist.
d It is impossible to find a word in English which covers the double meaning: given to άρχν here and in the previous line (see note on 69S b 1). The sentence καί yap to ξύλον . . . xelpa explains why the άρχη κινήσεως of the hand is called ή έτέρα άρχή, viz. that there is another άρχή (in the sense of “ beginning ”) in the stick, namely, the point nearest the hand.
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Now that which first causes movement in the animal must be situated in a definite beginning. Now it has already been stated that the joint is the beginning of one thing and the end of another ; wherefore nature employs it sometimes as one and sometimes as two. For when movement is being originated from it, one of its extreme points must be at rest, while the other must move ; for we have already-said that what causes movement must be supported on something which is at rest. The extremity, therefore, of the forearm is moved and does not cause movement, but in the elbow-joint one part, namely that which is situated in the actual whole which is in motion, is moved, but there must also be something which is unmoved ; and this is what we mean when we say that a point is potentially one but becomes actually two. So if the forearm were a living creature, it is someAvhere near this point that the origin of movement set in motion by the soul would be situated. Since, however, it is possible for an inanimate object to bear this same relation to the hand,® for instance if one moves a stick in one’s hand, it is clear that the soul could not be situated in either of the extremities, neither in the extremity of that which is moved b nor in the other origin of movement (αρχή) 0; for the stick has an end and a beginning (αρχή) d in relation to the hand. So, for this reason, if the origin of movement set up by the soul is not situated in the stick, it is not situated in the hand either ; for the extremity of the hand e bears the same relation to the wrist as the latter does to the elbow. For there is no difference between what is attached by growth and what is not •
• i.e. the point where the hand joins the stick.
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702b	,	,	„	,	,	. η
γίνεται γαρ ώσπερ αφαιρετόν μέρος η βακτηρία, ανάγκη άρα εν μηδεμια είναι άρχή, η εστιν άλλου τελευτή, μηδε ει τι εστιν ετερον εκείνου εξωτερω, οΐον του μεν της βακτηρίας εσχάτου εν τη χειρί η αρχή, τούτου δ’ εν καρπω. ει 8e μηδ’ εν τή ιο χειρί, δτι ανωτέρω ετι, ή αρχή ουδ’ ενταύθα· ετι γαρ του ωλεκράνου μένοντας κινείται απαν το κάτω συνεχές.
IX.	Έ·7Γ€ΐ δ’ ομοίως εχει από των αριστερών και από των δεξιών, καί άμα τάναντία κινείται, ώστε μη είναι τω ήρεμεΐν τό δεξιόν κινεΐσθαι τό αριστερόν μηδ' αΰ τω τούτο εκείνο, αει δ' εν τω 16 ανωτέρω άμφοτερων ή αρχή, ανάγκη εν τω μεσω είναι την αρχήν τής φυχής τής κινούσης· άμφοτερων γαρ των άκρων τό μέσον έσχατον, ομοίως δ’ εχει προς τάς κινήσεις τούτο και τάς άπό τού άνω και κάτω, οΐον τάς άπό τής κεφαλής και1 τάς άπό τής -θ ράχεως τοΐς εχουσι ράχιν. και εύλόγως δε τούτο συμβεβηκεν" και γαρ τό αισθητικόν ενταύθα είναι φαμεν, ώστ άλλοιουμενου διά τήν αίσθησιν τού τόπου τού περί τήν άρχήν καί μεταβάλλοντας τά εχόμενα συμμεταβάλλει εκτεινόμενα τε καί συναγόμενα τά μόρια, ώστ' εξ ανάγκης διά ταΰτα γίνεσθαι •-5 τήν κίνησιν τοΐς ζωοις. τό δε μέσον τού σώματος
1 καί scripsi: προς libri.
0 This is simply a restatement of the doctrine of 703 b 1-4. The true άρχή is not situated in the extremity of the stick nearest to the hand (which is an άρχή as being the place where the stick begins in relation to the hand), nor yet in any other member, such as the wrist, which is still farther away from the stick and is an άρχή as being the origin of motion in the hand. The wrist, elbow, and shoulder are all of them 470
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so attached ; for the stick becomes a kind of detached member. The origin of movement, therefore, cannot be situated in any origin which is the termination of something else, nor in any other part which is farther from it ; for example, the origin of movement of the extremity of the stick is in the hand, but the origin of the movement of the hand is in the wrist.® And so if the origin of movement is not in the hand, because it is still higher up,6 neither is it in this higher position ; for, again, if the elbow is at rest, the continuous part below it can be set in motion as a whole.
IX.	Now since there is similarity in the left and the right sides of the body, and the opposite parts can be moved simultaneously, so that it is impossible for the right side to move just because the left is at rest or vice versa, and the origin of movement must be in that which lies above both sides, it necessarily follows that the origin of movement in the moving soul must be between them ; for the middle is the limit of both extremes. And it stands in the same relation to the movements above as to those below, to those, for example, which proceed from the head and to those which proceed from the spine in animals which have a spine. And there is good reason for this ; for we say that the organ of sensation is also situated in the centre of the body ; and so if the region round about the origin of movement is altered by sense-perception and undergoes change, the parts which are attached to it change with it by extension or contraction, so that in this way movement necessarily takes place in animals. And the central part of the
άρχαί in relation to the parts below them, but the true άρχή is .situated in the soul, which lies in the centre of the body.
b i.e. the wrist.
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μέρος δυνάμει μεν έν, ενεργεία δ’ ανάγκη γίνεσθαι πλείω’ καί γάρ άμα κινείται τα κώλα από της αρχής, και θατέρου ήρεμοΰντος θάτερον κινείται, λέγω δ’ οΐον επί τής ΑΒΓ τό Β κινείται, κινεί δε τό Α. αλλά μήν δει γέ τι ήρεμείν, ει μέλλει 80 το μεν κινεϊσθαι τό δε κινείν. εν άρα δυνάμει ον τό Α ενεργεία δύο εσται, ώστ ανάγκη μή στιγμήν άλλα μέγεθος τι είναι, άλλα μήν ενδέχεται τό Γ άμα τω Β κινεϊσθαι, ωστ ανάγκη άμφοτέρας τάς άρχάς τάς εν τω Α κινουμένας κινείν. δει τι άρα είναι παρά ταύτας έτερον το κινούν και μή κινού-S5 μενον. άπερείδοιντο μεν γάρ αν τά άκρα και αι άρχαι αι εν τω Α προς άλλήλας κινουμένων, ώσπερ 703a αν ει τινες τά νώτα άντερείδοντες κινοϊεν τά σκέλη, αλλά τό κινούν άμφω άναγκαΐον είναι, τούτο δ’ έστ'ιν ή φνχή, έτερον μεν ουσα του μεγέθους του τοιούτου, εν τούτω δ’ ουσα.
Χ. Κατά μεν ουν τον λόγον τον λέγοντα τήν 5 αιτίαν τής κινήσεως έστ'ιν ή όρεξις τό μέσον, ὅ κινεί κινούμενον εν δε τοΐς εμφνχοις σώμασι Set τι είναι σώμα τοιοΰτον. τό μεν ουν κινούμενον μεν μή πεφυκός δε κινείν δύναται πάσχειν κατ άλλοτρίαν δύναμιν· τό δε κινούν άναγκαΐον έχειν τινά δύναμιν και ισχύν. πάντα δε φαίνεται τά ίο ζώα και έχοντ α πνεύμα σύμφυτον και Ισχύ ο vt α τούτω. (τις μεν ουν ή σωτηρία του συμφύτου πνεύματος, εϊρηται έν άλλοις.) τούτο δε προς τήν άρχήν τήν φυχικήν έοικεν ομοίως έχειν ώσπερ
472
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body is potentially one, but actually must necessarily become more than one ; for the limbs are set in motion simultaneously from the origin of movement, and when one is at rest the other is in motion. For example, in ABC, Β is moved and A moves it ; there must, however, be something at rest if one thing is to be moved and another is to move it. So Λ, though potentially one, will be actually two, so that it must be not a point but a magnitude. Again, C may be moved simultaneously with B, so that both B	®
the origins in A must cause movement by being moved ; there must, therefore, be something other than these origins which causes movement without being itself moved. Otherwise, when movement took place, the extremities, or origins, in A would rest upon one another, like men standing back to back and moving their limbs. There must be something which moves them both, namely the soul, other than such a magnitude as we have described but situated in it.
X.	In accordance with the definition which defines the cause of motion, desire is the central origin, which moves by being itself moved ; but in animate bodies there must be some bodily substance which has these characteristics. That, then, which is moved but does not possess the natural quality of setting up movement may be affected by a power external to it, and that which causes movement must possess some power and strength. Now all animals dearly both possess an innate spirit and exercise their strength in virtue of it. (What it is that conserves the innate spirit has been explained elsewhere.3) This spirit seems to bear the same relation to the origin in the
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to iv ταΐς καμπαΐς σημεΐον, το κινούν και κινον-μενον, ττ ρος το ακίνητον. οποί δ’ η αρχή τοΐς μεν iv τη καρπία τοΐς δ' iv τω άνάλογον, διά τούτο και το πνεύμα το συμφυτον ενταύθα φαίνεται ον. 15 πότερον μεν ονν ταυ τον εστι τό πνεύμα αει η γίνεται αει ετερον, έστω άλλος λόγος (ο αυτό? γάρ εστι καί περί των άλλων μορίων)· φαίνεται δ’ εύφυώς εχον προς τό κινητικόν είναι καί παρεχειν ίσχνν. τα δ’ έργα της κινησεως ώσις καί ελξις, eo ώστε δει το όργανον αυξάνεσθαί τε δννασθαι καί συστελλεσθαι. τοιαύτη δ’ εστίν η τού πνεύματος φύσις· καί γάρ άβίαστος συστελλόμενη, καί βιαστική καί ωστική διά την αυτήν αιτίαν, καί όχοι καί βάρος προς τά πυρώδη καί κουφότητα προς τά εναντία. δει δε τό μέλλον κινεΐν μη 2S αλλοιώσει τοιούτον είναι· κρατεί γάρ κατά την ύπεροχην τα φυσικά σώματα άί\ληλων, τό μεν κούφον κάτω υπό τού βαρύτερου άπονικώμενον, τό δε βαρύ άνω υπό τού κουφότερου.
Ώι μεν οΰν κινεί κινούμενω μορίω ή φυχή,εΐρηται, καί δι’ ην αιτίαν ύποληπτεον δε σννεστάναι το 30 ζωον ώσπερ πάλιν εύνομουμενην. εν τε γάρ τη πόλει όταν άπαξ συστη1 η τάξις, οήδ^ δει κεχωρισμενου μονάρχου, ον δει παρεΐναι παρ' έκαστον των γινομένων, αλλ’ αυτός έκαστος ποιεί τά αυτού ως τετακται, καί γίνεται τάδε μετά τοδβ διά 1 σνστγι Ρ: arfj ESY.
° For this meaning of άβίαστος cf. Plato, Tim. 61 a. The action of the πνεύμα is represented as resembling that of the breath in the lungs ; when the breath contracts it lacks force and the lungs collapse, when it expands it thrusts outwards and exercises force.
6 Namely, expansion.
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soul as the point in the joints, which moves and is moved, bears to that which is unmoved. Now since the origin is in some animals situated in the heart, in others in what corresponds to the heart, it is therefore clear that the innate spirit also is situated there. Whether the spirit is always the same or is always changing must be discussed elsewhere (for the same question arises about the other parts of the body) ; at any rate it is clearly well adapted by nature to be a motive power and to exercise strength. Now the functions of movement are thrusting and pulling, so that the organ of movement must be able to increase and contract. And the nature of spirit has these qualities ; for when it contracts it is without force,0 and one and the same cause b gives it force and enables it to thrust, and it possesses weight as compared with the fiery element, and lightness as compared with the contrary elements.6 Now that which is to create movement without causing alteration must be of this kind ; for the natural bodies d overcome one another according as one of them prevails, the light being conquered and borne down by the heavier and the heavy borne up by the lighter.
We have now stated what is the part by the movement of which the soul creates movement and for what reason. The constitution of an animal must be regarded «as resembling that of a well-governed city-state. For when order is once established in a city there is no need of a special ruler with arbitrary powers to be present at every activity, but each individual performs his own task as he is ordered, and one act succeeds another because of custom. And in the
« Thecontrary of fire is water, cf. De gen. et corrupt. 331 a 1. d i.e. the elements.
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τό έθος· εν τε τοι? ζώοις τό αυτό τοΰτο διά τἡμ 35 φύσιν γίνεται και τω πεφυκεναι έκαστον οΰτω σνστάντων ποιεΐν το αυτού εργον, ώστε μηδέν δεΐν εν εκάστω είναι φυχήν, άλλ’ εν τινι αρχή του 703 b σώματος οϋσης τάλλα ζην μεν τω προσπεφυκεναι, ποιεΐν δε τό εργον τό αυτών διά την φύσιν.
XI.	Πώ? μεν οΰν κινείται τάς εκούσιας κινήσεις τα ζώα, και διά τινας αιτίας, εΐρηταί' κινείται δε 5 τινας και ακουσίους ενια τών μερών, τάς δε 7τλείστας ούχ εκουσίους, λέγω δ’ ακουσίους μεν οΐον την τής καρδίας τε και την του αιδοίου (πολλάκις γαρ φανεντος τινός, ου μέντοι κελευσαντος του νοΰ κινούνται), ούχ εκουσίους δ’ οΐον ύπνον και εγρήγορσιν και αναπνοήν, και δσαι άλλαι τοιαΰταί ίο είσιν. ούθενός γαρ τούτων κυρία απλώς εστ'ιν ούθ’ ή φαντασία ούθ’ ή όρεξις, ἀλλ’ επειδή ανάγκη άλλοιοΰσθαι τα ζώα φυσικήν άλλοίωσιν, άλλοιου-μενων δβ τών μορίων τα μεν αύζεσθαι τα δε φθίνειν, ώστ ήδη κινεΐσθαι και μεταβάλίλειν τάς πεφυκυίας εχεσθαι μεταβολάς άλλήλων (αίτίαι δε τών is κινήσεων θερμότητες τε και φυζεις, αι τε θύραθεν και αι εντός υπάρχουσαι φυσικαί), και αι παρά τον λόγον δή γινόμεναι κινήσεις τών ρηθεντων μορίων άλλοιώσεως συμπεσούσης γίνονται, ή γαρ νόησις και ή φαντασία, ώσπερ εΐρηται πρότερον, τα ποιητικά τών παθημάτων προσφερουσιν τα γάρ εϊδη 20 τών ποιητικών προσφερουσιν. μάλιστα δε τών μορίων ταΰτα ποιεί επιδήλως διά τό ώσπερ ζώον κεχωρισμενον εκάτερον είναι τών μορίων [· τούτου
° See note on 698 b 1. b Viz. the heart and the privy member. c 701 b 18 ff.
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animals the same process goes on because of nature, and because each part of them, since they are so constituted, is naturally suited to perform its own function ; so that there is no need of soul in each part, but since it is situated in a central origin of authority over the body,0 the other parts live by their structural attachment to it and perform their own functions in the course of nature.
XI. We have now discussed the manner of the voluntary movements of animals, and the cause of them. Some of their parts, however, undergo certain involuntary movements, though most of these are really non-voluntary. By involuntary I mean such movements as those of the heart and of the privy member, which are often moved by the presentation of some image and not at the bidding of reason. By non-voluntary I mean sleeping and waking and respiration and the like. For neither imagination nor desire is strictly speaking responsible for any of these movements ; but, since animals must necessarily undergo physical alteration, and, when their parts undergo alteration, some increase and others decrease, and so their bodies immediately move and undergo the natural sequence of changes (the causes of then-movements being the natural heatings and chillings, both external and internal), the movements too of the above-mentioned parts b which occur contrary to reason are due to the occurrence of a change. For thought and imagination, as has already been said,® induce the states which cause the affections ; for they present the images of the things which cause them. Now these parts act in this way much more conspicuously than any others, because each is as it were a separate vital organising the reason being that
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ο αιτίου on ζχονσιν υγρότητα ζωτικήν], ή μεν ουν καρδία φανερόν δι ήν αιτίαν· τας γαρ2 άρχάς εχει των αισθήσεων τό δε μόριον τό γεννητικόν ότι 25 τοιοΰτόν ἐστι, σημεΐον και γαρ εξερχεται εξ αύτοΰ ώσπερ ζωόν τι ή του σπέρματος δύναμις. αι δε κινήσεις τή τε αρχή από των μορίων καί τοΐς μορίοις από της αρχής εύλόγως συμβαίνουσι, καί προς άλλτ']λας ούτως άφικνοΰνται. δει γαρ νοήσαι τό Α αρχήν, αι ουν κινήσεις καθ' έκαστον 30 στοιχείον των επνγεγραμμενων επί την αρχήν άφικ-νοΰνται, καί από τής αρχής κινούμενης καί μετα-βαλλούσης, επειδή πολλά δυνάμει εστίν, ή μεν του Β αρχή επί το Β, ή δε τοΰ Γ επί τό Γ, ή δ' άμφοΐν επ' άμφω. από δε τοΰ Β επί τό Γ τω3 από μεν τοΰ 35 Β επί τό Α ελθεΐν ως επ' αρχήν, από δε τοΰ Α επί τό Γ ως απ' αρχής, ότι δε ότε μεν ταύτά* νοησάν-των γίνεται ή κίνησις ή παρά, τον λόγον εν τοΐς 704a μορίοις, ότε δ' ου,'αίτιον τό ότε μεν ύπαρχειν τήν παθητικήν ύλην ότε δε μή τοσαύτην ή τοι αυτήν.
Περί μεν ουν των μορίων έκαστου των ζωων, 704 b καί περί φυχής, ετι δε περί αίσθήσεως και ύπνου καί μνήμης καί τής κοινής κινήσεως, είρήκαμεν τας αιτίας· λοιπόν δε περί γενεσεως είπεΐν.
1 τούτου . . . ξωτικήν ut interpolamentum del. Jaeger.
3 yip om. ΕΥ.
3 rip EP: τψ δὲ Y : to δὲ S.
4	ταύτα Jaeger: τα α vt α Ρ : ταθτα ESY.
■ These words are probably an interpolated gloss ; they
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each contains vital moisture].® The reason for this as regards the heart is plain, for it contains the origins of the senses. That the generative organ is of the same nature is shown by the fact that the seminal force comes forth from it, being as it were a living thing. Now it is only in accordance with reason that movements are set up both in the central origin by the parts and in the parts by the central origin, and thus reach one another. Let A be the central origin ; the movements at each letter in the diagram drawn above b reach the central origin, and from the central origin, when it is moved or undergoes change (for it is potentially many), the origin of movement in Β goes to B, and the origin of movement is C to C, and of both to both ; but from Β to C it travels by going from Β to A as to a central origin, and from A to C as from a central origin. Movement, however, contrary to reason, sometimes takes place and sometimes does not take place in the organs as the result of the same thoughts, the reason being that the matter which is liable to be affected is sometimes present and sometimes not present in the proper quantity and quality.
We have now dealt with the reasons for the parts of each animal, the soul, and also sense-perception, sleep, memory, and general movement. It remains to deal with the generation of animals.
are unnecessary in view of the following sentences and contradictory in doctrine to them.
b See figure on p. 473.
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ΠΕΡΙ ΠΟΡΕΙΑΣ ΖΩΙΙ2Ν
Ι. ΐίερί δε τών χρησίμων μορίων τοΐς ζώοις 5 προς την κίνησιν την κατο, τόπον έπισκεπτέον διά τίν αιτίαν τοιοΰτόν όσην έκαστον αυτών καί τίνος ένεκεν υπάρχει αύτοΐς, ετι Si περί των 8ιαφορών των τε προς άλληλα τοΐς του αύτοΰ καί ενός ζώου μορίοις, καί προς τα των άλλων των τω γένει διαφόρων. πρώτον Si λάβωμεν περί όσων έπισκεπτέον.
10 Έστι 8ε πρώτον μεν πόσοις έλαχίστοις τα ζώα κινείται σημείοις, έπειτα διά τί τα μεν εναιμα τέτταρσι τα δ’ άναιμα πλείοσι, καί καθόλου 8ε διά TiV αιτίαν τα μεν άπο8α τα 8ε 8ίποδα τα δε τετράποδα τα δέ πολύποδα τών ζώων εστί, καί διά τί πάντ αρτίους εχει τούς πόδας, οσαπερ εχει 15 πόδας αυτών δλως δ’ οΐς κινείται σημείοις, άρτια ταυτ’ έστίν.
Έτι δε διά τίν’ αιτίαν άνθρωπος μεν καί ορνις δίπους, οι δ’ ιχθύες άποδές είσιν καί τάς κάμφεις ο τε άνθρωπος καί 6 ορνις δίποδες οντες εναντίας έχουσι τών σκελών, ό μεν yap άνθρωπος επι 20 την περιφέρειαν κάμπτει τό σκέλος, ο δ ορνις επί τό κοΐλον. καί 6 άνθρωπος αντος αυτφ
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I.	We must next discuss the parts which are useful to animals for their movement from place to place, and consider why each part is of the nature which it is, and why they possess them, and further the differences in the various parts of one and the same animal and in those of animals of different species compared with one another. We must first decide what questions we have to discuss.
One question is, what is the smallest number of points at which animals move ; the next is, why red-blooded animals move at four points, while bloodless animals move at more than four ; and, in general, why some animals are without feet, others biped, others quadrupeds, and others polypods, and why all that have feet at all have an even number of feet; and, in general, why the points at which movement is made are even in number.
We must further consider why a man and a bird are bipeds, while fishes are without feet; and why a man and a bird, being both bipeds, have opposite bendings of the legs. For a man bends his legs in a convex direction, a bird in a concave direction ; and a man
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ἐναντίως τα σκέλη καί τούς βραχίονας· τους μεν yap επί το κοΐλον, τα δέ γόνατα επι την περιφέρειαν κάμπτει, και τα τετράποδα τα ζωοτοκα τοΐς τ’ Λνθρώποις έναντίως κάμπτει και αυτα αντοΐς· τα μεν γάρ πρόσθια σκέλη επι το κυρτόν 704 b της περιφέρειας κάμπτει, τα δ’ οπίσθια επι το 5 κοΐλον. έτι 8e των τετραπόδων οσα μη ζωοτοκει άλλ’ ωοτοκεΐ, ιδίως καί εις τό πλάγιον κάμπτει, προς δε τουτοις διά τ [ν' αιτίαν τα τετράποδά κινείται κατά διάμετρον, περί δη παντων τούτων, και οσα άλλα συγγενή τουτοις, τάς αίτιας θεωρη-τέον. ότι μεν γάρ ούτω ταΰτα συμβαίνει, δηλον εκ ίο της ιστορίας τής φυσικής, διότι δέ, νυν σκεπτεον.
II.	’Αρχή δέ τής σκέφεως ύποθεμένοις οΐς είώθαμεν χρήσθαι πολλάκις προς την μέθοδον την φυσικήν, λαβόντες τά τούτον έχοντα τον τρόπον εν πάσι τοΐς τής φυσεως έργοις. τούτων 15 δ’ εν μέν έστιν ότι ή φύσις ούθέν ποιεί μάτην, άλλ’ αει εκ των ενδεχομένων τή ουσία περί έκαστον γένος ζώου το άριστον διόπερ ει βέλτιον ώδί, ούτως και έχει κατά φύσιν. έτι τάς διαστάσεις τοΰ μεγέθους, πόσαι και ποΐαι ποίοις νπάρχουσι, δει λαβεΐν. είσι γάρ διαστάσεις μέν έξ, συζυγίαι 20 δέ τρεις, μία μέν το άνω καί το κάτω, δευτέρα δέ το έμπροσθεν και το όπισθεν, τρίτη δε το δεξιάν καί το αριστερόν, προς δέ τουτοις ότι των κινήσεων των κατά τόπον άρχαί ώσις καί έλξις. καθ' αύτάς μέν οΰν αύται, κατά συμβεβηκος δέ κινεΐ-
“ i.e. the front right foot with the left back foot, and the left front with the right back.	b The Historia Animalium.
c Leon, renders eodem . . . modo which seems to imply that he was translating τον αυτόν Ζχοντα τρόπον.
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himself bends his legs and his arms in opposite directions, the arms concavely and the knees con-vexly. And viviparous quadrupeds bend their limbs in the opposite way to a man’s and in opposite ways to one another ; for they bend their front legs convexly and their back legs concavely. Further, quadrupeds Avhich are not viviparous but oviparous have the peculiarity of bending their legs sideways. A further question is why do quadrupeds move their legs diagonally.·“
We must examine the reasons of all these and similar facts ; that they are facts is clear from our Natural History,b and we have now to examine their causes.
II.	We must begin our inquiry by assuming the principles which we are frequently accustomed to employ in natural investigation, namely, by accepting as true what occurs in accordance with these principles c in all the works of nature. One of these principles is that nature never creates anything without a purpose, but always what is best in view of the possibilities allowed by the essence of each kind of animal; therefore, if it is better to do a thing in a particular manner, it is also in accordance with nature. Further, we must accept the dimensions of magnitude in the size and quality in which they are present in various objects. For there are six dimensions grouped in three pairs, the first being the superior and the inferior, the second the front and the back, and the third the right and the left. We must further postulate that the origins of movement from place to place are thrusting and pulling. These are movements per se ; that which is carried by
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ται τό φερόμενον υπ' άλλον ου yap αυτό 8οκεΐ 705 a κινεΐν αυτό ἀλλ’ υπ άλλου κινεΐσθαι τό υπό τινος φερόμενον.
III.	Τούτων 8ε 8ιωρισμενων λεγωμεν τα τούτων όφϊξης. των 8η ζώων όσα μεταβάλλει κατά, τόπον, τα μεν άθρόω παντι τω σώματι μεταβάλλει, 5 καθάπερ τα άλίλόμενα, τα δε κατά μέρος,1 καθάπερ των πορευομενων έκαστον, εν άμφοτεραις 8ε ταΐς μεταβολαΐς ταυταις αει μεταβάλλει τό κινουμενον άποστηριζόμενον προς τό υποκείμενον αύτω. 8ιόπερ εάν τε ύποφερηται τούτο θάττον η ώστ ίο εχειν άπερείσασθαι τό ποιουμενον επ’ αυτοΰ την κίνησιν, εάν θ' όλως μηόεμίαν εχη τοΐς κινουμενοις άντερεισιν, ουθεν επ' αυτοΰ δυναται κινεΐν εαυτό. και γάρ τό άλλόμενον και προς αυτό2 άπερειδόμε-νον τό άνω και προς τό υπό τούς πό8ας ποιείται την άλσιν εχει γάρ τινα άντερεισιν προς άλληλα is τα μόρια εν ταΐς καμπαΐς, και όλως τό πιεζον προς τό πιεζόμενον. 8ιό καί οι πενταθλοι άλλονται πλεΐον εχοντες τούς αλτήρας ή μή εχοντες, και οι θεοντες θάττον θεουσι παρασείοντες τάς χεΐρας-γίνεται γάρ τις άπερεισις εν τή διατάσει προς τάς χεΐρας καί τούς καρπούς, άεί 8ε τό κινουμενον 20 8υσίν ελαχίστοις χρώμενον όργανικοΐς μερεσι ποιείται την μεταβολήν, τω μεν ώσπερανεί θλίβοντι, τω 8ε Θλιβομενω. τό μεν γάρ μόνον θλίβεται διά
1 κατά μέροί Ζ : μξωι S : τοΐ$ μορίου cet.
2 αϊτό PUY: αύτο S: εαυτό Tj.
0 Special weights (ὰλτήρεs) or sometimes stones were held in the hands and thrown backwards by jumpers while in the air to add to their impetus ; cf. Norman Gardiner, Greek 488
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something else is only moved accidentally, for what is carried by something else is regarded not as moving itself but as being moved by something else.
III.	These points having been decided, let us proceed to the considerations which follow from them. Of the animals, then, which change their local position, some do so with their whole body at the same time, for instance those which jump ; others move part by part, for example those that walk. In both these changes the animal that moves makes its change of position by pressing against that which is beneath it; and so, if the latter slips away too quickly to allow that which is setting itself in motion upon it to press against it, or if it offers no resistance at all to that which is moving, the animal cannot move itself at all upon it. For that which jumps performs that movement by pressing both on its own upper part and on that which is beneath its feet; for the parts in a way lean upon one another at their joints, and, in general, that which presses leans on that which is pressed. Hence athletes jump farther if they have the weights in their hands than if they have not,0 and runners run faster if they swing their arms 6 ; for in the extension of the arms there is a kind of leaning upon the hands and wrists. Now that which moves always makes its change of place by the employment of at least two organic parts, one as it were compressing and the other being compressed. For the part which remains still is compressed by
Athletic Sports and Festivals, pp. 298 ff., who proves by experiment the truth of the statement made in the present
passage.
b On the importance attached by the Greeks to arm-action in running, especially in short races, cf. N. Gardiner, op. cit. p. 282.
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τό φέρειν, το δ’ αίρόμενον τείνεται τω φέροντι τό φορτίον. διόπερ άμερές ούδέν ουτω κινηθήναι δυνατόν ον γάρ έχει την τοΰ ττεισομένου και τον 25 ποιήσοντος εν αύτω1 διάληφιν.
IV.	Έπει §’ είσίν αι διαστάσεις τον αριθμόν εξ, αΐς όρίζεσθαι πέφυκε τα ζώα,2 τό τε άνω και κάτω και τό έμπροσθεν και όπισθεν, ετι δε δεξιόν και αριστερόν, τό μεν άνω και κάτω μόριον πάντ’ έχει τα ζώντα. ου μόνον γάρ εν τοΐς ζωοις εστι τό άνω καί κάτω, άλλα και εν τοΐς φντοΐς. δι-so είληπται δ* όργω, και ου θέσει μόνον τη πρός τε την γην και τον ουρανόν, δθεν μεν γάρ ή της τροφής διάδοσις και ή ανξησις έκάστοις, άνω τοντ εστίν 705 b πρός ο δ’ έσχατον αυτή περαίνει, τοΰτο κάτω, τό μεν γάρ αρχή τις, τό δε πέρας· αρχή δε τό άνω. καίτοι δόξειεν αν τοΐς φντοΐς οίκεΐον είναι τό κάτω μάλλον ούχ ομοίως γάρ έχει τή θέσει τό άνω και κάτω τοντοις και τοΐς ζωοις. έχει δε πρός μεν 6 τό όλον ούχ ομοίως, κατά δέ τό έργον ομοίως. αι γάρ ρίζαι είσι τό άνω τοΐς φντοΐς’ έκεΐθεν γαρ ή τροφή διαδίδοται τοΐς φυομένοις, καί λαμβάνει ταυταις αυτήν, καθάπερ τα ζώα τοΐς στόμασιν.
°Οσα Se μή μόνον ζή αλλά και ζωά εστι, τοΐς τοιουτοις υπάρχει τό τε έμπροσθεν και τό όπισθεν. 10 αΐσθησιν γάρ έχει ταΰτα πάντα, ορίζεται δε κατά ταύτην τό τε έμπροσθεν καί τό όπισθεν έφ’ δ μεν γάρ ή αίσθησις πεφυκε και όθεν εστιν έκάστοις, 1 αντφ Jaeger: αΰτφ libri.	2 ί’ψα Υ: £ωντα ceteri.
β Cf. above, 704 b 19 ff. 6 Cf. De caelo, 294 b 17. c More literally “personal.” d Cf. De vit. long, et brev. 467 b 2 ; Phys. 199 a 28.
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having to carry the weight, and the part -which is raised is extended by that which carries the weight. And so nothing that is without parts can move in this manner ; for it does not contain in itself the distinction between what is to be passive and what is to be active.
IV.	Now the dimensions by which animals are naturally bounded are six in number, namely, superior and inferior, front and back, and also right and left.® Now all living things have a superior and an inferior part ; for the superior and the inferior is found not only in the animals but also in plants.6 The distinction is one of function and not merely of position in relation to the earth and heavens. For the part from which is derived the distribution of nutriment and the growth in any particular thing is the superior ; the part to which the growth extends and in which it finally ends is the inferior. The one is a kind of origin, the other a termination ; and it is the superior Avhich is an origin. It might, however, seem that in plants the inferior is the more essential c part ; for the superior and the inferior are not in the same position in them as in the animals. Though in relation to the universe they have not the same position, they are similarly situated as regards function. For in plants the roots are the superior part d ; for it is from them that the nutriment is distributed to the parts that grow, and it is from their roots that plants receive it, as do animals from their mouths.
Things which not only live but are also animals have both a front and a back. For all animals have sense-perception, and it is on account of sense-perception that the front and the back are distinguished ; for the parts in which the sense-perception is implanted
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έμπροσθεν ταΰτ* ἐστί, τα δ* αντικείμενα τοΰτοις όπισθεν.
"Οσα 8e των ζώων μη μόνον αίσθήσεως κοινωνεΐ, 15 αλλά δυναται ποιεΐσθαι την κατο, τόπον μεταβολήν αυτά δι' αυτών, εν τουτοις δη1 διώρισται προς τοΐς λεχθεΐσι τό τ’ αριστερόν και τό δεξιόν, ομοίως τοΐς πρότερον είρημενοις εργω τινι και ου θεσει διωρισμενον εκάτερον αυτών δθεν μεν γάρ εστι του σώματος ή τής κατο, τόπον μεταβολής αρχή 20 φύσει, τούτο μεν δεξιόν εκάστω, τό δ’ αντικείμενού καί τουτω πεφυκός άκολουθεΐν αριστερόν, τούτο δε διήρθρωται μάλλον ετεροις ετερων. όσα μεν γα.ρ όργανικοΐς μερεσι χρώμενα (λέγω δ’ οίον πόσιν ή πτέρυξιν ή τινι άλλω τοιούτω) την είρη-μενην μεταβολήν ποιείται, περί μεν τα. τοίαϋτα 25 μάλλον διήρθρωται τό λεχθεν όσα δε μή τοιουτοις μορίοις, αύτώ δε τω σωματι διαλήφεις ποιούμενα προέρχεται, καθάπερ ενια τών άπόδων, οίον οι τε όφεις καί τό τών καμπών γένος, καί προς τουτοις α καλοΰσι γής εντερα, υπάρχει μεν καί εν τουτοις τό λεχθεν, ου μήν διασεσάφηται γ ομοίως.
80 "Οτι ό’ εκ τών δεξιών ή αρχή τής κινήσεώς εστι, σημεΐον καί τό φέρειν τα. φορτία πάντας επί τοΐς άριστεροΐς· ούτως γα,ρ ενδεχεται κινεϊσθαι τό φερον, λελυμενου τού κινήσοντος. (διό καί άσκωλιάζουσι ραον επί τοΐς άριστεροΐς■ κινεΐν γάρ πεφυκε τό 706a δεξιόν, κινεΐσθαι δε το αριστερόν.) ώστε καί τό φορτίον ούκ επί τω κινήσοντι άλλ’ επί τω κινησο-1 δη Jaeger: δέ libri. *
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Viz. superior and inferior. b i.e. from place to place.
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and whence every kind of creature derives it are at the front, and the opposite parts to these are at the back.
Those animals which not only partake of sense-perception but can also of themselves make the change from place to place, in addition to the distinctions already mentioned,'1 have a further distinction of left and right, these being each, like the above, distinctions of function and not of position. For the part of the body where the origin of change from place to place naturally arises is the right in each kind of animal, while the part which is opposed to this and naturally follows its lead is the left.
There is a greater differentiation between right and left in some animals than in others. All animals which make the above-mentioned change b by the use of instrumental parts—for example, feet or wings or the like—show a greater differentiation between right and left in such parts ; those, on the other hand, that progress not by means of such parts but by moving the body itself in sections—like some of the footless animals, such as snakes and the caterpillars, and also earthworms—possess, it is true, this differentiation, but it is not nearly so clearly defined.
That the origin of movement is from the right side is shown by the fact that men always carry burdens on the left shoulder ; for then it is possible for that which bears the weight to be set in motion, that which is to initiate the movement being free. (For this reason, too, it is easier to hop on the left· leg ; for it is natural to the right leg to initiate movement, and to the left to be set in motion.) The burden, therefore, must rest not on the part which is to initiate movement, but on that which is to be set in
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μένω Set επικεΐσθαι' εάν δ’ επί τω κινοΰντι καί τη άρχη της κινησεως iiτιτεθη, -ήτοι ολως ον κινησεται 5 η χαλεπώτερον. σημεΐον δ’ ὅτι αν6 των δεξιών η άρχη της κινησεως και αι νροβολαί' 7Tames γάρ τα αριστερά νροβάλλονται, και εστώτες προ-βεβληκασι1 τα αριστερά μάλλον, αν μη από τύχης συμβη. ου γαρ τω προβεβηκότι κινούνται, άΛΛά τω άποβεβηκότι- και αμύνονται τοΐς Βεξιοΐς. ίο διά ταύτην Βε την αιτίαν καί τα Βεξιά ταύτά εστι πάντων, οθεν μεν γαρ η άρχη της κινησεως, το αυτό πάσι και εν τω αύτω την θεσιν εχει κατά φύσιν' Βεξιόν δ’ εστιν όθεν η άρχη της κινησεως εστιν. καί διά τούτο τα στρομβώΒη των οστρακόδερμων δεξιά πάντ εστιν. ου γάρ επί την ελίκην κινείται, 15 άλλ’ επί το καταντικρύ πάντα προέρχεται, οΐον πορφύραι και κηρυκες. κινούμενων οΰν πάντων από των δεξιών, κάκείνων επί ταύτά κινούμενων εαυτοΐς, άνάγκη πάντα δεξιά είναι ομοίως, άπο-λελυμενα δ’ εχουσι τα άριστερά των ζώων μάλιστα άνθρωποι διά το κατά φύσιν εχειν μάλιστα 20 των ζώων φύσει δε βελτιόν τε τό δεξιόν τοΰ άριστεροϋ καί κεχωρισμενον.	Βιό καί τα δεξιά
εν τοΐς άνθρώποις μάλιστα δεξιά εστιν. Βιωρισμε-νων Βε των δεξιών εύλόγως τα άριστερά άκινη-τότερά εστι, καί άπολελυμενα μάλιστα εν τούτοις. καί αι (χλλαι δ’ άρχαί μάλιστα κατά φύσιν Βι-25 ωρισμεναι εν τω άνθρώπω ύπάρχουσι, το τ’ άνω καί το έμπροσθεν.
1 προβεβλήκασι PSU : προβββήκασι ΥΖ.
0 i.e. in the sense that man is right-handed.
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motion ; and if it be placed on that Avhich causes and is the origin of movement, it will either not be moved at all or with greater difficulty. The manner in which we step out also shows that the origin of movement is in the right side ; for all men put the left foot foremost, and, when standing, preferably place the left foot in front, unless they do otherwise accidentally. For they are moved, not by the foot which they put in front, but by that with which they step off; also they defend themselves with their right limbs. Therefore the right is the same in all ; for that from which the origin of movement is derived is the same in all and has its position by nature in the same place, and it is from the right that the origin of movement is derived. For this reason, too, the stromboid testaceans all have their shells on the right ; for they all move not in the direction of the spiral but in the opposite direction, the purple-fish, for example, and the trumpet-shell. Since, then, movement in all animals starts from the right, and the right moves in the same direction as the animal itself, they must all alike be right-sided.0 Now man more than any other animal has his left limbs detached, because of all animals he is most in accordance with nature, and the right is naturally better than the left and separated from it. Therefore the right is most right-sided in man. And since the right is differentiated, it is only reasonable that the left is less easily set in motion and most, detached in man. Moreover the other principles,6 the superior and the front, are in man most in accord with nature and most differentiated.
6 The άρχαί here are the διαστάσεις of 701 b 19, 705 a 26, from the point of view of function rather than position.
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V.	ΟΓ? μεν συν το άνω καί το έμπροσθεν δι-ώρισται, καθάπερ τοΐς άνθροιποις καί τοΐς ορνισι, ταΰτα μεν δίποδα (των δε τεττάρων τα δυο σημεία τοΐς μεν πτέρυγες τοΐς δε χώΐρες καί βραχίονες 30 είσιν). δσα δ’ επί το αύτδ το πρόσθεν εχει καί το άνω, τετράποδα καί πολύποδα καί άποδα. καλώ γάρ πόδα μέρος επί σημείω πεζώ κινητικώ κατά τόπον και γάρ τό όνομα εοίκασιν είληφεναι από τ ου πέδου οι πόδες. ενια δ’ επί τό αυτό εχει τό πρόσθιον καί τό οπίσθιον, οίον τά τε 706 b μαλάκια καί τά στρομβευδη των οστρακόδερμων εΐρηται δε περί αυτών πρότερον εν ετεροις.
Τριαιν δ’ όντων τόπον, του άνω καί μέσον καί κάτο), τά μεν δίποδα τό άνω προς τό του δλου άνω εχει, τα δε πολύποδα η άποδα προς 5 τό μέσον, τά δε φυτά προς τό κάτω, αίτιον δ’ ότι τα μεν ακίνητα, προς την τροφήν δε τό άνω, η δε τροφή εκ της γης. τα δε τετράποδα επί τό μέσοι’, καί τα πολύποδα καί άποδα, διά τό μη ορθά είναι. τά δε δίποδα προς τό άνω διά ίο το ορθά είναι, μάλιστα δ’ ό άνθρωπος’ μάλιστα γάρ κατά φνσιν εστί δίπονς. εύλόγως δε καί αι άρχαί είσιν από τούτων τών μορίων η μεν γάρ άρχη τίμιον, τό δ’ άνω του κάτω καί τό πρόσθεν του όπισθεν καί τό δεξιόν του άριστεροΰ τιμιώτερον. καλώς δ’ εχει καί τό άνάπαλιν λέγειν περί αυτών, * 6
° The whole of man is “ front,” and his “ front ” is divided into superior and inferior; in a quadruped only that part is “ front ” which is superior in man.
6 P.A. 681 bltff.; II.A. 523b 21 ff.
c Αρχή has here the double meaning of “starting-point” and “centre of authority”; see note on De mot. anim. 60S b 1.
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V.	Animals in which the superior and the front are differentiated, man, for example, and the birds, are bipeds (two of the four points being wings in birds, and hands and arms in man). But the animals in which the superior and the front are in the same position a are four-footed (quadrupeds), many-footed (polypods), and footless. By “ foot ” I mean the part that is at a point which has connexion with the ground and gives movement from place to place ; for the feet (/roSes) seem to have derived their name from the ground (πεδον). Some animals have their front and their back in the same position, for example the molluscs and the stromboid testaceans ; with these we have already dealt elsewhere.6
Now since there are three regions, the superior, the middle, and the inferior, bipeds have their superior part in a position corresponding to the superior region of the universe, polypods and footless animals in a position corresponding to the middle region, and plants in a position corresponding to the inferior region. The reason is that plants lack movement, and the superior part is situated with a view to nutriment, and their nutriment comes from the earth. Quadrupeds, polypods, and footless animals have their superior part in a position corresponding to the middle region because they are not erect ; bipeds have it in a position corresponding to the superior region because they are erect, especially man, the biped most in accordance with nature. And it is only reasonable that the origins 0 should come from these parts ; for the origin is honourable, and the superior is more honourable than the inferior, and the front than the back, and the right than the left. It is also true if we reverse the proposition and assert
497
ARISTOTLE
706b
is ως όια το τας αρχας εν τουτοις είναι ταυτα τιμιώτερα των αντικειμένων μορίων εστίν.
VI.	"Οτι μεν οΰν εκ των δεξιών ή της κινήσεώς έστιν αρχή, φανερόν εκ των είρημένων. έπεί δ’ ανάγκη παντός σννεχοΰς, ον το μεν κινείται τό δ’ ηρεμεί, όλου δυνάμει>ου κινεΐσθαι εστώτος 20 θατέρου, ή άμφω κινείται εναντίας κινήσεις, είναι τι κοινόν καθ' ο συνεχή ταντ’ εστίν άλλήλοις, κανταΰθ’ ύπάρχειν την αρχήν τής εκατερου των μερών κινήσεως (ομοίως δε και τής στάσεως), δήλον οτι,1 καθ’ οσας τών λεχθεισών αντιθέσεων ιδία κίνησις υπάρχει τών αντικειμένων μερών 25 εκατέρω, πάντα ταυτα κοινήν αρχήν έχει κατά2 τήν τών είρημένων μερών σύμφυσιν, λέγω δε τών τε δεξιών και αριστερών καί τών άνω καί κάτω καί τών έμπροσθεν καί τών όπισθεν, κατά μένουν τό έμπροσθεν καί τό όπισθεν διάληφις ούκ εστι τοιαυτη περί τό κινούν εαυτό, διά τό μηθενί 30 φυσικήν ύπάρχειν κίνησιν εις τό όπισθεν, μηδέ διορισμόν έχειν τό κινούμενον καθ’ ον τήν έφ εκάτερα τούτων μεταβολήν ποιείται· κατά δέ τό δεξιόν γε καί αριστερόν καί τό άνω καί τό κάτω εστίν. διό τών ζώων όσα μέρεσιν όργανικοΐς 707 a χρώμενα προέρχεται, τή μεν του έμπροσθεν καί όπισθεν διαφορά ούκ έχει διωρισμένα ταυτα, ταΐς δέ λοιπάΐς, άμφοτέραις μέν, προτέρα δέ τή κατά τό δεξιόν καί αριστερόν διοριζουση, διά τό τήν
1 δηλον otl (Leon, manifestum est quod, etc.): δηλονότι libri.
2	κατά. Γ Leon.: om. ceteri.
° i.e. the three pairs of “ dimensions ” (ΤΟ Ι b 19).
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that, because the origins are situated in these parts, they are therefore more honourable than the opposite parts.
VI.	It is clear, then, from what has been said that the origin of movement is on the right. New in anything continuous of which part is in motion and part at rest (the whole being able to move while one part stands still), there must be, at the point where both parts move in opposite movements, something common to both which makes these parts continuous ■with one another (and at this point must be situated the origin of the movement of each of these parts, and likewise also of their immobility) : it is evident, therefore, that in respect of whichever of the abovementioned contraries® the individual movement of each of the opposite parts takes place, there is in all these cases a common origin of movement by reason of the interconnexion of the said parts, namely, of the right and the left, the superior and the inferior, the front and the back. The differentiation according to front and back is not one which applies to that which moves itself, because nothing possesses a natural movement backwards nor has the moving animal any distinction in accordance with which it can make a change from place to place in each of these two directions 6 ; but there is a differentiation of right and left, superior and inferior. All animals, therefore, which progress by the employment of instrumental parts have these parts differentiated, not by the distinction between front and back, but by the other two pairs, first, by the distinction of right and left (for this must immediately exist where there are
6 In other words an animal cannot divide itself into two parts, one of which goes forwards and the other backwards.
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μεν εν τοΐς δυσίν ευθέως άναγκαΐον είναι ύττ-5 άρχειν, την δ’ εν τοΐς τέτταρσι πρώτοις.
Έπεί ουν τό τε άνω καί κάτω και το δεξιόν και αριστερόν τη αυτή άρχη και κοινή συνήρτηται προς αυτά {λέγω δέ ταυτην την της κινησεως κυρίαν), δει δ’ εν άπαντι τέρ μέλλοντι κατά τρόπον ποιεΐσθαι την άφ’ έκάστου κίνησιν ώρίσθαι πως και τετα-ιο χθαι ταΐς άποστάσεσι ταΐς προς τάς ρηθείσας άρχάς, τάς τε αντιστοίχους και τάς συστοίχους των εν τοΐς μέρεσι τούτοις, το των λεχθεισών κινήσεων άπασών αίτιον {αυτή δ’ έστιν άφ’ ης αρχής κοινής των εν τω ζώω η τε του δεξιού και αριστερού κίνησις έστιν, ομοίως δε καί ή τον άνω ίο καί κάτω), ταυτην δ’1 'έχειν εκάστω ή παραπλησίως έχει2 προς εκάστην των εν τοΐς ρηθεΐσι μέρεσιν αρχών, VII. δήλον ουν ως η μόνοις η μάλιστα τουτοις υπάρχει των ζώων η κατά τόπον κίνησις, α δυσίν η τέτταρσι ποιείται σημείοις την κατά τόπον μεταβολήν, ώστ’ έπεί σχεδόν τοΐς έναίμοις 20 τούτο μάλιστα συμβέβηκε, φανερόν οτι πλείοσί τε σημείοις τεττάρων ούθέν οΐόν τε κινεΐσθαι των εναίμων ζώων, καί ει τι τέτταρσι σημείοις κινεΐσθαι πέφυκε μόνον, άναγκαΐον τοϋτ’ είναι έναιμον.
’Ομολογεί δε τοΐς λεχθεΐσι καί τα συμβαίνοντα περί τά ζώα. τών μεν γάρ εναίμων ούδέν εις 2Γ- πλείω διαιρουμενον δνναται ζην ούθένα χρόνον
1 δ’ PUZ: οιώ. SY.	2 ?χει Ζ: om. cet.
° i.e. the distinction of superior and inferior. b Namely, the soul situated in the heart (Mich.). c The legs move in pairs, either the front and back legs on the same side together, or the front leg on one side with the back leg on the other (cf. 704 b 7).
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two things), and, secondly, by the distinction which must arise as soon as there are four things.®
Since, then, the superior and the inferior, and the right and the left are connected with one another by the same common origin (and by this I mean that which controls their movement 6), and since in anything which is to carry out the movement of each part properly the cause of all the said movements must be somehow defined and arranged at the ri^ht distance in relation to the said origins, namely, those in the limbs, Avhich are in pairs opposite or diagonal to one another,® (and the cause of their movement is the common origin from which the movement of left and right and likewise of superior and inferior in the animal’s limbs is derived), and since this origin must in each animal be at a point where it is in more or less the same relation to each of the origins in the said parts,d (VII.) it is, therefore, clear that movement from place to place belongs either solely or chiefly to those animals which make their change of place by means of two or four points. And so, since this condition occurs almost exclusively in red-blooded animals, it is clear that no red-blooded animal can move by means of more than four points, and if an animal is so constituted by nature as to move by means of four points only, it must necessarily be red-blooded.
What actually occurs in animals is also in agreement with the above statement. For no red-blooded animal can live for any time worth mentioning if it be
d There are two kinds of άρχαί in, e.g., a quadruped, (a) those in each of the four legs and (6) the central άρχή in the heart; the former must each be approximately equidistant from the latter.
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707a (	,	.	x ,	,	«ι ή
ως ειπειν, της τε κατα τοπον κινησεως, καθ ην
εκινεΐτο συνεχές ον και μη δι?ιρημενον, ον δύναται κοινωνεΐν των δ’ άναίμων τε και πολυπόδων ενια διαιρούμενα δύναται ζην πολύν χρόνον εκάστω των μερών, και κινεΐσθαι την αυτήν ηνπερ και 30 ττριν διαιρεθηναι κίνησιν, οΐον αι τε καλούμενοι σκολόπενδραι και άλλα των εντόμων και προμηκών πάντων γάρ τούτων και τό όπισθεν μέρος επί 707 b ταύτό ποιείται την πορείαν τω έμπροσθεν, αίτιον δε τοΰ διαιρούμενα ζην ότι, καθάπερ αν ει τι συνεχές εκ πολλών εΐη ζώων συγκείμενον, ούτως έκαστον αυτών συνεστηκεν. φανερόν δε τούτο εκ τών πρότερον είρημένων, διότι τούτον εχει τον 6 τρόπον.
Αυσι γάρ η τετταρσι σημείοις πεφυκε κινεΐσθαι τα μάλιστα συνεστηκότα κατά φύσιν, ομοίως δε και όσα τών εναίμων άποδά εστιν. καί γάρ ταΰτα κινείται τετταρσι σημείοις, δι’ ών την κίνησιν ποιείται, δυσί γάρ χρώμενα προέρχεται καμ-ιο παΐς’ το γάρ δεξιάν καί αριστερόν καί το πρόσθιον καί οπίσθιον εν τω πλάτει εστιν εν εκατερα τη καμπή αύτοΐς, εν μεν τω προς την κεφαλήν μερει τό πρόσθιον σημεϊον δεξιόν τε καί άρι-στερόν, εν δε τω προς την ουράν τα οπίσθια σημεία, δοκεΐ δε δυοΐν σημείοιν κινεΐσθαι, τη τ’ έμπροσθεν άφη καί τη ύστερον, αίτιον δ’ ότι 15 στενόν κατά πλάτος εστιν, επεί καί εν τούτοις τό δεξιόν ηγείται, καί άνταποδίδωσι κατά τό όπισθεν, ώσπερ εν τοΐς τετράποσιν. τών δε κάμφεων αίτιον τό μήκος’ ώσπερ γάρ οι μακροί τών ανθρώπων λορδοί βαδίζουσι, καί τοΰ δεξιού ώμου
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divided into several parts, and can no longer partake of the motion from place to place whereby it moved -while it was still continuous and undivided. On the other hand, some of the bloodless animals and polypods can, when they are divided, live in each of these parts for a considerable time and move with the same motion as before they were divided, the so-called scolopendrae,°for example,and other elongated insects ; for the hinder part of all these continues to progress in the same direction as the fore-part. The reason why they live when they are divided is that each of them consists as it were of a continuous body made up of many animals. And the reason why they are of this kind is clear from what has been said above.
Animals Avhich are constituted most in accordance with nature naturally move by means of two or four points, and likewise also those among the red-blooded animals which are footless ; for they too move at four points and so effect locomotion. For they progress by means of two bends ; for in each of their bends there is a right and a left, a front and a back in their breadth—a front point on the right and another on the left in the part towards the head, and the two hinder points in the part towards the tail. They appear to move at two points only, namely, the points of contact with the ground in front and behind. The reason for this is that they are narrow in breadth ; for in these animals too, as in the quadrupeds, the right leads the way and sets up a corresponding movement behind. The reason of their bendings is their length ; for just as tall men walk with their backs hollowed 6 and, while their right shoulder leads the
6 \op56s is the opposite of κυφόs, hunchbacked (Ilippocr. Fract. 7(33).
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«νιν ι \	/ n t	/	\	>	/	>
εις το ττροσυεν ηγούμενον το αριστερόν ισχιον εις 2ο τουπισθεν μάλλον αποκλίνει, και το μέσον κοιλον γίνεται και Αορδόν, ούτω δει νοεΐν καί τους οφεις κινούμενους επί ττ} γη λορδούς. σημεΐον δ’ δτι ομοίως κινούνται τοΐς τετράποσιν · εν μερει γάρ μεταβάλλουσι το κοιλον καί τά κυρτόν. όταν γάρ πάλιν το αριστερόν των προσθίων ήγήσηται, 25 εξ εναντίας πάλιν τό κοιλον γίνεται· το γάρ δεξιάν εντός πάλιν γίνεται. σημεΐον δεξιάν πρόσθιον εφ’ ου Α, άριστεράν εφ’ ου Β, οπίσθιον δεξιάν εφ’ ου Γ, άριστεράν εφ’ ου Δ.
Ού'τω δε κινούνται των μεν χερσαίων οι οφεις, των δ’ ένυδρων αι εγχελεις καί οι γόγγροι καί αι 30 μυραιναι, καί των άλλων όσα εχει την μορφήν όφιωδεστεραν. πλην ενια μεν των ένυδρων των τοιούτων ούδεν εχει πτερύγιον, οΐον αι μυραιναι, 708 a άλλα χρηται τη θαλάττη ώσπερ οι οφεις τη γη καί τη θαλάττη (νεουσι γάρ οι οφεις ομοίως καί όταν κινώνται επί της γης)' τα δε δν’ εχει πτερύγια μόνον, οΐον οι τε γόγγροι καί αι εγχελεις καί γένος τι κεστρεων, οι γίνονται εν 5 τη λίμνη τη εν Σιΐφαΐς. καί διά τοΰτο ταΐς καμπαΐς ελάττοσι κινούνται εν τω ύγρω η εν τη γη τά ζην εϊωθότα εν τη γη, καθάπερ τά των εγχελεων γένος, οι δε δυο πτερύγια εχοντες των κεστρεων τη καμπή άνισάζουσιν εν τω ύγρω τά τετταρα σημεία. VIII. τοΐς δ’ όφεσιν αίτιον της ίο άποδίας τό τε την φύσιν μηθεν ποιεΐν μάτην, * 6
α On the Boeotian coast of the Corinthian Gulf, the Tipha
of Pans. ix. 32. 3.
6 i.e. two of its “points” are fins and the other two are made by bends.
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way forward, their left hip inclines towards the rear and the middle of the body becomes concave and hollow, so we must suppose that snakes too move upon the ground with their backs hollowed. And that they move in the same manner as quadrupeds is shown by the fact that they change the concave into the convex and the convex into the concave. For when the left forward point is again leading the way, the concavity comes in turn on the other side, for the right again becomes the inner. Let the front point on the right be A, and that on the
left B, and the rear point on the right C, and that on the left D.
This is the way that snakes move as land-animals, and eels, conger-eels and lampreys and all the other snake-like creatures as water-animals. Some water-animals, however, of this class, lampreys for example, have no fin and use the sea as snakes use both the sea and the land ; for snakes swim in just the same manner as when they move on land. Others have two fins only, conger-eels for example, and ordinary eels and a species of mullet which occurs in the lake at Siphae.° For this reason too those which are accustomed to live on land, the eels for example, move with fewer bends in the water than on dry land. The kind of mullet which has only two fins makes up the number of four points in the water by its bends.6 VIII. The reason why snakes are footless is, first, that nature creates nothing without
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3	άλλα πάντα προς τό άριστον άποβλέπουσαν έκάστω των ενδεχομένων, διασώζονσαν έκαστον την Ιδίαν ουσίαν καί τό τί ήν αύτω είναι- ετι δε καί τό πρότερον ή μιν είρημένον, τό των εναίμων μηθέν οΐόν τ' εΐναι πλείοσι κινεΐσθαι σημείοις ή τέτταρσιν. εκ τούτων γάρ φανερόν ότι των εναίμων όσα κατά ίο το μήκος ασύμμετρα εστι προς την άλλην του σώματος φύσιν, καθάπερ οι όφεις, ούθεν αυτών οΐόν θ' ύπόπονν είναι, πλείους μεν γάρ τεττάρων ούχ οΐόν τε αυτά πόδας έχειν (άναιμα γάρ αν ήν), έχοντα δε δυο πόδας ή τέτταρας σχεδόν ήν αν ακίνητα πάμπαν ουτω βραδεΐαν άναγκαΐον είναι 20 καί ανωφελή την κίνησα·.
"Απαν δε τό ύπόπονν εξ ανάγκης αρτίους εχει τούς πόδας· όσα μεν γάρ άλσει χρώμενα μόνον ποιείται την κατά τόπον μεταβολήν, ούθεν ν-οδών πρός γε την τοιαύτην δεΐται κίνησιν όσα δε χρήται μεν άλσει, μη εστι δ' αύτοΐς αυτάρκης 23 αυτή ή κίνησις αλλά καί πορείας προσδέονται, δή-λον ως τοΐς μεν βελτιον τοΐς δ' (άλλως) όλως άδννατον1 πορεύεσθαι.	[διότι παν ζωον άναγκαΐον
άρτιους έχειν τούς ττόδα?·]2 οϋσης γάρ τής τοιαύτης μεταβολής κατά μέρος, άλλ' ούκ άθρόω παντί τω σώματι καθάπερ τής άλσεως, άναγκαΐον 30 εστι τοΐς μεν μένειν μεταβαλλόντων των ποδών τοΐς δέ κινεΐσθαι, καί τοΐς άντικειμένοις τούτων ποιεΐν έκάτερον, μεταβάλλον άπό των κινούμενων επί τα μένοντα τό βάρος, διόπερ ούτε τρισί μεν
χ <άλλω$> δλω* Αδύνατον] δλω? αδύνατον <dX\ws> Farquharson.
1 διότι . . . 7T0oas om. PSU: tanquam glossema del. Jaeger.
° Mich/s explanation of this passage is that certain poly-pods, which can walk with an uneven number of legs (c/.
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a purpose but always with a view to what is best for each thing within the bounds of possibility, preserving the particular essence and purpose of each ; and, secondly, as we have already said, because no red-blooded animal can move by means of more than four points. It is clear from this that all red-blooded animals whose length is out of proportion to the rest of their bodily constitution, like the snakes, can none of them have feet; for they cannot have more than four feet (for if they had, they would be bloodless), whereas, if they had two or four feet, they would be practically incapable of any movement at all, so slow and useless would their movement necessarily be.
Every animal which has feet must necessarily have an even number of feet ; for those which move from place to place by jumping only do not require feet (at least not for this movement), while those which jump but do not find this mode of locomotion sufficient by itself and need to walk also, must clearly either progress better with an even number of legs or else cannot otherwise progress at all.® For since this kind of change from place to place is carried out by a part and not, like jumping, with the whole of the body at once, some of the feet during the change of position must remain at rest while others are in motion, and the animal must rest and move with opposite legs, transferring the weight from the legs in motion to those at rest. Hence no animal can
?08b 5 ff.), would walk better with an even number; quadrupeds and bipeds, on the other hand, cannot walk at all with an uneven number of legs. Farquharson’s insertion of άλλω? seems therefore a certain emendation : the omission of &\\ws, however, in our mss. would be better accounted for if it is inserted before oXws rather than before KoptveaOat.
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708 b ούθεν οϋθ’ ενί1 χρώμενον βαδίζει ν οιόν τε- το μεν γάρ ούθεν όλως απόστημα εχει εφ’ ω το τοΰ σώματος εξει βάρος, το δέ κατά την ετεραν αντίθεα ιν μόνην, ώστ’ αναγκαΐον αυτό ούτως επιχειρούν κινεΐσθαι πίπτειν. όσα δε πολύποδα 6 εστιν, οιον αι σκολόπενδραι, τοντοις δυνατόν μεν και από περιττών π οδών πορείαν γίνεσθαι, καθάπερ φαίνεται ποιούμενα και νυν, αν τις αυτών ενα πηρώση τών ποδών, διά τό την τών αντιστοίχων ποδα>ν κολόβωσιν ίάσθαι τω λοιπώ πλήθει τών εφ’ εκάτερα ποδών γίνεται γάρ τούτοις οιον ίο εφελξις τοΰ πεπηρωμενου μορίου τοΐς άλλοις, άλλ’ ου βάδισις. ου μην αλλά φανερόν ότι βελτιον αν καί ταΰτα ποιοΐτο την μεταβολήν αρτίους εχοντα τούς πόδας, καί μηθενός ελλείποντος, άλλ* αντιστοίχους εχοντα τούς πόδας· οότω γάρ (άν)2 αυτών άνισάζειν τε δυναιτο3 τό βάρος καί μη 15 ταλαντεύειν επί θάτερα μάλλον, ει αντίστοιχα ερείσματ εχοι καί μη κενήν την ετεραν χώραν τών4 αντικείμενων.	προβαίνει δ’ άφ* εκατερου
τών μερών εναλλάξ τό πορευόμενον ουτω γάρ εις ταύτό τω εξ άρχης σχήματι γίνεται η καταστασία.
20 "Οτι μεν συν άρτιους εχει τούς πόδας πάντα, καί διά τίν αιτίαν, είρηται· IX. ότι δ’ ει μηθεν ην ηρεμούν, ούκ αν ην κάμφις ούδ’ ευθυνσις, εκ τώνδε δήλον. εστι γάρ κάμφις μεν η εξ εύθεος η εις περίφερες η εις γωνίαν μεταβολή, ευθυνσις δ’ η εκ θατερου τούτων εις ευθύ, εν άπάσαις δε 25 ταΐς είρημεναις μεταβολαΐς άνάγκη προς εν σημεΐον
1 οΰτε τρισϊ μεν ούθεν οϋθ' ένί Jaeger: ούδε (ονδδ cm. ΡΥΖ) τρισΐ μύν ούθδν ούθενΐ libri.	2 αν add. Jaeger.
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walk using either three legs or one leg ; for if it uses one leg it has absolutely no support on which it is to rest the weight of the body, and if it uses three it will rest it on a pair of opposite legs, so that, if it attempts to move thus, it necessarily falls. Polypods, however, for instance the scolopendrae, can achieve progression with an odd number of legs, as they can be immediately seen to do if you mutilate one of their feet, because the maiming of some of the feet in the opposing rows is compensated by the greater number of feet still remaining on either side ; the result is that the maimed leg is as it were dragged along by the others, and the animal does not walk properly. However, it is clear that these maimed animals would achieve the change of position better if they had an even number of feet, that is, if none were lacking and they had all the feet in the corresponding rows ; for then they would be able to distribute their weight evenly and would not sway to one side, if they had corresponding supports on each side and had not one space in the opposite rows devoid of a leg. An animal, then, when it walks progresses by means of each of its limbs alternately ; for thus its state is restored so as to be identical with its original form.
It has now been established that all animals have an even number of feet, and the reason for this has been stated. IX. That, if nothing were at rest, there could be no bending or straightening is clear from the following considerations. Bending is the change from what is straight to what is curved or angular; straighten-ingis the change of either of these to what is straight. In all the above changes the bending or straightening * 4
δύναιτο SCripsi: δόνα ται Ζ : δύναιντο ceteri.
4 την ante των add. Ζ.
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την κάμφιν η την εϋθυνσιν γίνεσθαι. άλλα μην κάμφεώς γε μη οϋσης οΰτ’ αν πορεία ούτε νεύσις οντε 7ττησις ην. τα μεν γάρ ύπόποδα επειδή εν όκατερω των αντικείμενων σκελών εν μερει ίσταται και τδ βάρος ΐσχει, α ναγκαΐον θατερου προ-30 βαίνοντος θατερου ποιεΐσθαι κάμφιν. ίσα τε γαρ πόφυκεν εχειν τω μηκει τα αντίστοιχα κώλα, καί ορθόν δει είναι τό ύφεστός τω βάρει, οΐον κάθετον προς την γην. όταν δε προβαίνη, γίνεται η 709 a υποτείνουσα και δυναμόνη τό μόνον μεγεθος καί την μεταξύ, επεί δ’ ίσα τα κώλα, ανάγκη κάμφαι τό μόνον, η εν τω γόνατι η εν τη κάμφει, οίον ει τι άγόνατον ε’ίη τών βαδιζόντων. σημεΐον δ’ 5 δτι ούτως εχει· ει γάρ τις εν γη1 βαδίζοι παρά τοίχον, η γραφόμενη εσται ούκ ευθεία άλλα σκολιά, διά τό ελάττω μεν κάμπτοντος γίνεσθαι την γραφομόνην, μείζω δ’ ίσταμόνου καί εξαίροντος.
Ενδέχεται μέντοι κινεΐσθσ.ι καί μη εχοντος καμπήν του σκέλους, ώσπερ τα παιδία ερπουσιν. καί ίο περί τών ελεφάντων ο παλαιός- ην λόγος τοιοΰτος, ούκ άληθης ών.	κινείται δε καί τα τοιαΰτα
κάμφεως γινόμενης εν ταΐς ώμοπλάταις η τοΐς ισχίοις. άλλ’ ορθόν ούδεν δύναιτ’ αν πορευθηναι συνεχώς καί ασφαλώς, κινηθείη δ’ αν οΐον εν ταΐς παλαίστραις οι διά της κόνεως προϊόντες επί τών γονάτων. πολύ γάρ τό άνω μέρος, ώστε 1 £ν yrj lihri: locus corruptus et lacuna mutilatus.
α It does not actuallj' do so because it is not long enough to reach the ground : and so, as is explained below, the other leg must be bent to enable it to do so.
6 Ανναμί! in mathematics is used of a “ power,” generally the second power, i.e. the square of a number : similarly in geometry δύναμις and δύναμαι are used of the figure which 510
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must necessarily be relative to a single point. Further, if there were no bending, there would be no walking or swimming or flying. For since animals with feet stand and rest their weight alternately on each of their two opposite legs, as one leg advances the other must necessarily be bent. For the corresponding legs on either side are naturally equal in length, and the leg which supports the weight must be straight, at right angles, as it were, to the ground. But when a leg advances, it is assuming the position of the side subtending a right angle,0 the square upon which equals the squares b on the side which is at rest and the line between the two legs ; but since the legs are equal, the leg which is at rest must bend either at the knee or, in any kneeless animal that walks, at the joint. That this is so is shown by the fact that if a man Avere to Avalk on the ground alongside a Avail [with a reed dipped in ink attached to his head],® the line traced [by the reed] would not be straight but zigzag, because it goes lower when he bends and higher when he stands upright and raises himself.
It is possible, however, to move even if the leg has no bend in it, as happens when children crawl. (The old account attributed such motion to elephants, but it is untrue.) Movement of this kind takes place through a bending in the shoulders or hips. But no creature could walk erect in this way continuously and safely, but could only move like those who drag themselves forward through the dust in the wrestling-school on their knees. For the upper portion of the can be formed by constructing squares on the side of, e.g. a triangle.
c The text here is corrupt and something has fallen out in all our mss. : the words here bracketed are supplied from the explanation given by Mich.
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is δβί μακράν είναι το κώλον el δέ τούτο, κάμφιν άναγκαϊον elvai. έπεί γάρ έστηκε προς ορθήν, 16 b el άκαμπτον έσται το κινονμενον els το πρόσθεν,1 η καταπεσεϊται έλάττονος της ορθής γινομένης, η ου προβήσεται. el γάρ όρθοΰ οντος θατέρου σκέλους θάτepov εσται προβεβηκός, μ€Ϊζον έσται, ίσον ον δυνήσεται γάρ τοΰτο το τ’ ήρεμουν καί την ΰπο-20 τείνουσαν. ανάγκη άρα κάμπτεσθαι το προϊόν, και κάμφαν άμα έκτείνειν θάτ€ρον, έκκλίνειν τε και δια-βεβηκέναι και επί της καθέτου μένειν ισοσκελές γάρ γίveτaι τρίγωνον τά κώλα, και η Keφάλη γίνε-ται κατώτερον, όταν κάθετος η έφ' ης βέβηκεν.
25 Τα δ’ άποδα τα μεν κυμαίνοντα προέρχεται (τοΰτο δέ διττώς συμβαίνει· τα μεν γάρ επί της γης, καθάπερ οι όφεις, τάς καμπας ποιείται, τά δ’ είς το άνω, ώσπερ αι κάμπαι), η δε κνμανσις καμπή εστιν* τα δ’ Ιλυσπάσει χρώμενα, so καθάπερ τά καλούμενα γης έντερα και βδέλλαι. ταυτα γάρ τω μεν ηγουμένου προέρχεται, το δε λοιπόν σώμα παν προς τούτο συνάγουσι, και τοΰ-τον τον τρόπον είς τόπον εκ τόπου μεταβάλλουσιν. φανερόν δ’ ότι ει μη αι δυο τής μιας μείζους ήσαν,
1 el άκαμπτον ΐσται τό κινονμενον els τό πρόσθεν om. PSU Bekker: el et πρόσθεν οηι. Ζ.
° Let ΛΒ be the stationary leg and AC the advanced leg, which are by hypothesis of equal length. If the right-angled triangle ABD is constructed its hypotenuse AD must be longer than AC.
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body is large, and therefore the leg must be long; and if this is so, there must necessarily be a bending. For since a standing position is perpendicular, the leg which is moved forward, if it is to be unbent, will either fall as the right angle becomes less, or else it will not advance at all ; for if, while one leg is at right angles, the other is advanced.the advanced leg will be greater and at the same time equal ; for it will be equal to the leg which is at rest and also to the side subtending the right angle.® The advancing leg must therefore be bent, and the animal, as it bends it, must at the same time stretch the other leg and lean forward and make a stride and remain in the perpendicular ; for the legs form an isosceles triangle and the head becomes lower when it is perpendicular to the base of the triangle.6
Of animals which are footless, some advance with an undulating motion—this can be of two kinds, for some animals, for example snakes, make their bends on the ground, while others, for instance caterpillars, make them upwards·—and undulation is bending. Others move by crawling, like the earthworms and leeches ; for these advance with one part leading the way, and then draw up all the rest of their body to it, and in this manner make the change from place to place. It is plain that, if the two lines which they
b When the stride has been completed the result is an isosceles triangle formed by the two legs and the ground; the head, which is necessarily lower than when the legs were together, is perpendicularly above the base.
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ούκ αν eSuvavro κινεΐσθαι τα κυμαίνοντα των ζώων. εκταθείσης γάρ της καμπής, ει ϊσην κατεΐχεν, ούθεν αν προήεσαν νυν δ’ υπερβάλλω εκταθεΐσα, και ήρεμήσαντος τούτου επάγει το λοιπόν.
Ένπάσαις he ταΐς λεχθείσαιςμεταβολαΐςτο κινούμενου ότε μεν εκτεινόμενου εις εύθυ προέρχεται, ότε δέ συγ καμπτόμενου, τοΐς μεν ήγουμένοις μέρεσιν ευθύ γινόμενον, τοΐς δ’ επομενοις συγ-καμπτόν. ποιείται δε και τα άλλόμενα πάντα κάμφιν εν τω ύποκειμένω μέρει του σώματος, και τούτον τον τρόπον εχοντα άλλεται. και τα πετάμενα he καί τα νέοντα, τα μεν τάς πτέρυγας ευθυνοντα και κάμπτοντα πέταται, τα he τοΐς πτερυγίοις, και τούτων τα μεν τέτταρσι τα he hvolv, όσα προμηκέστερα την μορφήν, ώσπερ τό των εγχελεων γόνος· την he λοιπήν κίνησιν αντί των δυο πτερυγίων τω λοιπω του σώματος καμπτόμενα νεΐ, καθάπερ εΐρηται πρότερον, οι he πλατείς των ιχθύων τή μεν τω πλάτει χρώνται του σώματος αντί πτερυγίων, τή δβ πτερυγίοις όυσίν. τα hi πάμπαν πλατέα, καθάπερ ο βάτος, αύτοΐς τοΐς πτερυγίοις και ταΐς εσχάταις του σώματος περι-φερείαις ευθύνοντα και κάμπτοντα ποιείται την νεΰσιν.
Χ. ’Απορήσειε δ’ αν τις ίσως πώς κινούνται τέτταρσι σημείοις οι όρνιθες, ή πετάμενοι ή πορευό-μενοι, ως ειρημενου ότι πάντα τα εναιμα κινείται τετταρσιν. ούκ εΐρηται he, άλλ’ ότι ου πλείοσιν. ου μήν άλλ’ ουτ αν πετεσθαι όύναιντο άφαιρε-
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The bend is represented as hvo lines forming an angle;
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form were not greater than the one,® movement would be impossible for animals which advance by undulations. For, when the bend is extended, they would not have made any advance, if it subtended an equal line ; Avhereas, in fact, it is longer when it is extended, and then, when this part has come to a standstill, the animal draws up the rest.
In all the above-mentioned changes that which moves advances by first extending itself straight out and then curving itself—straightening itself out with its leading parts and curving itself in the parts which follow. All animals, too, ΛνΙποΙι jump make a bend in the lower part of their body and jump in this manner. Animals also which fly and those which swim, fly by straightening and bending their -wings and swim with their fins, some fish having four fins and others, namely those Avhich are of a more elongated form (cels for example), having two fins. The latter accomplish the rest of their movement by bending themselves in the rest of their body, as a substitute for the second pair of fins, as has already been said. Flat-fish use their two fins, and the flat part of their body instead of the second pair. Fish that are entirely flat, like the ray, manage to swim by using their actual fins and the outer periphery of their body, which they alternately straighten and bend.
X.	A question might perhaps be asked as to how birds, whether flying or walking, can move at four points, in view of the statement that “ all red-blooded animals move at four points.” But this is not exactly what we stated ; what we said was “ at not more than four points.” However, they could not fly if their
these two lines together must be lunger than the line which subtends their angle.
R ϊ
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θεντων των κώλων ούτε πορεύεσθαι των πτερύγων 25 άφαιρεθεισών, επεί οίδ’ άνθρωπος βαβίζει μη κινών τούς ωμούς. άΑΑά πάντα γε, καθάπερ είρηται, κάμφει καί εκτάσει ποιείται την μεταβολήν άπαντα γάρ εις το υποκείμενον μύχρι τινος οίονεί συνυπεΐκον1 προέρχεται, ώστ άναγκαΐον, ει μη και κατ άλλο μόριον γίνεται ή κάμφις, άλλ’ 30 δθεν γε ή αρχή τοΐς μεν ολοπτεροις του πτερού, τοΐς δ’ όρνιο ι τής πτέρυγος, τοΐς δ’ άλλοις του άνάλογον μορίου, καθάπερ τοΐς ίχθύσιν. τοΐς δ’, ώσπερ οι όφεις, εν ταΐς καμπαΐς του σώματος 710a όστιν ή αρχή τής κάμφεως. το δ’ ούροπύγιόν εστι τοΐς πτηνοΐς προς τό κατενθύνειν τήν πτήσιν, καθάπερ τα πηδάλια τοΐς πλοίοις. άναγκαΐον δε καί ταΰτα εν τή προσφύσει κάμπτειν. διόπερ τά 5 τε όλόπτερα καί των σχιζοπτερων οΐς τό ούροπύγιον αφυώς εχει προς τήν είρημενην χρήσιν, οίον τοΐς τε ταώς καί τοΐς άλεκτρυόσι καί όλως τοΐς μή πτητι-κοΐς, ούκ εύθυποροΰσιν των μεν γάρ όλοπτερων απλώς ούθεν εχει ούροπύγιον, ώστε καθάπερ ά-πήδαλον πλοίον φερεται, καί όπου αν τύχη έκαστον ίο αυτών προσπίπτει, ομοίως τά τε κολεόπτερα, οιον κάνθαροι καί μηλολόνθαι, καί τα άνελυτρα, οΐον μελιτται καί σφήκες, καί τοΐς μή πτητικοΐς άχρεΐον τό ούροπύγιόν εστιν, οΐον τοΐς τε πορφυ-ρίωσι καί ερωδιοΐς καί πάσι τοΐς πλωτοΐς· άλλ’ αντί του ούροπυγίου πετανται τούς πόδας άπο-1 οιονύ σνννπΐϊκον Ζ : οΐον eis νττοΐκον ceteri. * *
0 Lit. “ creatures with undivided wings.” (The Greek here has different words for the wings of insects and those of birds.)
* Lit. creatures with cloven wings {i.e. made up of feathers) as opposed to insects which have undivided wings.
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legs were taken from them, or walk if their wings were taken from them, just as a man cannot walk without moving his shoulders to some extent. All things, as has been said, make their change of position by bending and stretching ; for they all progress upon that which, being beneath them, also as it were gives way to them up to a certain point; so that, even if the bending does not take place in any other part, it must at any rate do so at the point where the wing· begins in flying insects α and in birds, «ind where the analogous part begins in other animals, such as fishes. In other animals, snakes for example, the beginning of their bending is in the joints of the body.
In winged creatures the tail is used, like the rudder in a ship, to direct the flight ; and this too must bend at the point λνΙιεΓβ it joins the body. Flying insects also, therefore, and those birds 6 whose tails are ill-adapted for the purpose just mentioned, peacocks, for example, and domestic fowls and, generally, those birds which are not adapted for flight, cannot keep a straight course. Of the flying insects not a single one possesses a tail, so that they are carried along like rudderless ships and collide Avith anything that they happen to meet. The same is true of sheath-winged insects,® such as beetles and cockchafers, and the sheathless insects, such as bees and wasps. The tail is useless in such birds as are not adapted to flight, the porphyrio,d for example, and the heron and water-fowls in general; these fly stretching out
c Coleoptera.
d The identity of this bird is disputed. W. W. Merry (on Aristoph. Aves, 707) suggests some kind of coot; D’A. W. Thompson (on ΤΤ.A. 509a II, 595 a 13) suggests the purple coot or the flamingo.
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τεινοντα, και χρωνται αντ ουροπυγιου τοις 15 σκελεσι προς το κατευθύνειν την πτήσιν. βραδεία δ’ 17 πτησις των όλοπτερων εστί καί ασθενής διά το μη κατά λόγον εχειν την των πτερών φύσιν προς το τοΰ σώματος βάρος, άλλα τό μεν πολύ, τα 8e μικρά και ασθενή. ώσπερ αν ονν ει όλ-καδικόν πλοίον επιχειροίη κώπαις ποιεΐσθαι τον 20 πλονν, ου τω ταΰτα τή πτήσει χρήται. και ή άσθενεια 8ε αυτών τε τών πτερών και ή της εκφύσεως συμβάλλεται τι προς τό λεχθεν. τών δ’ ορνίθων τω μεν ταώ τό ούροπυγιον ότε μεν διά το μεγεθος άχρηστον, ότε 8ε διά το άπο-βάλλειν ούθεν ωφελεί, ύπεναντίως δ’ εχουσιν θί 25 όρνιθες τοΐς όλοπτεροις την τών πτερών φυσιν, μάλιστα δ’ οι τάχιστα αυτών πετάμενοι, τοιοΰτοι δ’ οι γαμφώνυχες· τουτοις γάρ ή ταχυτής τής πτήσεως χρήσιμος προς τον βίον. ακόλουθα δ’ αυτών εοικεν είναι καί τα λοιπά μόρια τοΰ σώματος προς την οίκείαν κίνησιν, κεφαλή μεν 30 απάντων μικρά καί αύχήν ου παχύς, στήθος δ’ ισχυρόν καί οξύ, οξύ μεν προς τό εύτονον είναι, καθάπερ αν ει πλοίου πρώρα Αεμβώ8ους, ισχυρόν 8ε τή περιφύσει τής σαρκός, ιν άπωθεΐν 8ύνηται 710 b τον προσπίπτοντα άερα, καί τούτο ρα8ίως καί μή μετά πόνου, τα δ’ όπισθεν κουφά καί συνήκοντα πάλιν εις στενόν, ΐν’ επακολουθή τοΐς έμπροσθεν, μή σύροντα τον άερα διά τό πλάτος.
5 XI. Και περί μεν τούτων 8ιωρίσθω τον τρόπον τούτον, τό 8ε μέλλον ζώον ορθόν βα8ιεΐσθαι διότι 8ίπουν τε άναγκαΐόν εστιν είναι, καί τα μεν άνω τοΰ σώματος μέρη κουφότερα εχειν τά δ’ ύφεστώτα τούτοις βαρύτερα, δήλον μόνως γάρ αν όντως 518
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their feet in place of a tail and use their legs instead of a tail to direct their flight. The flight of flying insects is slow and weak, because the growth of their wings is not in proportion to the weight of their body ; for their \veight is considerable, while their wings are small and \veak ; so they use their power of flight like a merchant-ship attempting to travel by means of oars. The Aveakness also of the wings themselves and of their manner of growth contributes to some extent to the result which Λνβ have described. Among birds, the peacock’s tail is at one season of no service because of its size, at another useless because the bird moults. But birds are the exact opposite of winged insects in the nature of their wings, especially the s\viftest flyers among them, namely, those with curved talons ; for their swiftness of flight is useful in enabling them to gain their livelihood. The other parts of their body, too, seem to be similarly adapted for their particular movement, the head being always small and the neck not thick and the breast strong and sharp—sharp so as to be compact like the prow of a light-built ship, and strong owing to the way the flesh grows—so as to thrust aside the air which meets it, and that easily and without effort ; but the hinder parts are light and contract again to a narrow point, in order that they may follow the forward parts without sweeping the air by their breadth.
XI.	So much for the discussion of these topics. The reason why an animal which is to walk erect must both be a biped and also have the upper part of its body lighter and the parts situated beneath these heavier is obvious ; for only if it were so
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710	b εχον °*CV T> eiV φέρειν εαυτό ραδίως. διόπερ ίο άνθρωπος μόνον ορθόν των ζωων ων τα σκέλη
κατά, λόγον έχει προς τα, άνω τον σώματος μέγιστα των ύποπόδων και ισχυρότατα, δηλον δε ποιεί τοΰτο και το σνμβαΐνον τοΐς παιδίοις* ου γαρ δυνανται βαδίζειν ορθό, δια τό πάντα νανώδη είναι και μείζω και ισχυρότερα εχειν η κατά λόγον1 τα 15 αίνω μέρη του σώματος των κάτωθεν, προϊουσης Se της ηλικίας αϋζησιν λαμβάνει τα κάτω μάλλον, μέχρι περ αν λάβωσι τό προσηκον μέγεθος, και ποιούνται τότε τοΐς σώμασι την βάδισιν ορθήν, οι δ’ όρνιθες κουφοί όντες δίποδές είσι δια τό όπισθεν αύτοΐς τό βάρος είναι, καθάπερ εργάζονται 20 τούς ίππους τούς χαλκούς τούς τα πρόσθια ηρκότας των σκελών. αίτιον δε μάλιστα τού δίποδας όντας δύνασθαι έστάναι τό έ'χειν τό ίσχίον όμοιον μηρω και τηλικοΰτον ώστε δοκεΐν δυο μηρούς εχειν, τον τ’ έν τω σκέλει προ της καμπής καί τον προς τοΰτο τό μέρος από της έδρας’ έστι δ* ου μηρός άλλ’ Ισχίον. ει γαρ μη τηλικοΰτον ην, 25 ούκ αν ην όρνις δίπους. ώσπερ γαρ τοΐς άνθρώ-ποις καί τοΐς τετράποσι ζώοις, ευθύς αν ην από βραχέος οντος τοΰ ισχίου ό μηρός καί τό άλλο σκέλος· λίαν οΰν ην αν τό σώμα παν προπετές αυτών, νΰν δε μακρόν ον μέχρι υπό μέσην παρατείνει την γαστέρα, ώστ εντεΰθεν τα σκέλη ύπ-30 ερηρεισμένα φέρει τό σώμα παν. φανερόν 8’ εκ τούτων καί ότι ορθόν ούκ ενδέχεται τον όρνιθα είναι ώσπερ τον άνθρωπον. η γαρ τών πτερών φύσις ώς έχουσι τό σώμα νΰν ούτως
711	a αύτοΐς χρήσιμός εστιν, όρθοΐς δ’ ούσιν άχρηστος
1 ή κατά λόγον om. ΡΥ.
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constituted would it be able to carry itself easily. Therefore man, the only erect animal, has legs larger and stronger in proportion to the upper part of his body than any of the other animals which have legs. What happens with children illustrates this : they cannot walk erect because they are always dwarfish and have the upper parts of their body too big and too strong in proportion to the lower parts. As they grow older, the lower parts increase more quickly, until they attain their proper size ; and it is only then that they can walk with their bodies erect. Birds are lightly built bat can stand on two feet because their weight is at the back, just like bronze horses Avhicli are made by sculptors with their fore-legs raised in the air. The chief reason why birds can stand although they are bipeds is that their hip-joint resembles a thigh and is of such a size that they seem to have two thighs, one on the leg· above the joint and the other between this and the fundament ; but it is not really a thigh but a hip. If it were not so large, a bird could not be a biped ; for then, just as in man and the quadrupeds, the thigh and the rest of the leg would be directly attached to a short hip, and so the -whole body would tend to fall forward too much. But, as it is, the hip, being long, extends up to the middle of the belly, and so the legs form supports at that point and carry the whole body. It is clear too from this that it is impossible for a bird to stand erect in the way that a man stands ; for the Avay that birds’ wings grow is useful to them in the position in which they now hold themselves, but if they stood erect,
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αν ην, ώσπερ γραφουσι τους ερ ojt ας €χοντας
πτέρυγας.
"Αμα yap τοίς είρημένοις όηλον ότι ούδ' άνθρυιπον ούδ' ει άλλο τι τοιοΰτόν έστι ττ/ν μορφήν δυνατον elvai πτερυετύν, ον μόνον ότι πλξίοσι σημείοις κινη-5 σεται η τότταρσιν έναιμον ον, άλλ’ ότι άχρηστος αντοϊς ή τών πτερυγόω έςις κατο, φύσιν κινου-μένοις· η δε φύσις ούο'εν ποιεί παρά φύσιν.
XII.	"Οτι μεν ονν ει μη κάμψις ην εν τόϊς σκέλεσιν η εν ταΐς ώμοπλάταις και ισχίοις, ούθεν οίόν τ' η ν αν τών evaip.ojv και ύποπόόοη’ προ-βαίνειν, εΐρηται πρότερον, και ότι κάμφις ούκ αν ην μηθενός ηρεμ,οϋντος, οτ ι τε εναντιως οι τε άνθρυιποι όίποόες όντες καί οι όρνιθες την τών σκελών ποιούνται κάμφιν, ότι θε τα τετραποοα υπεναντίος και αύτοΐς και τ οίς άνθρώποις. οι μεν yap άνθροιποι τους μεν βραχίονας κάμπτουσιν ϊ' επι τα κοίλα, τα θε σκέλη επί το κυρτόν, τα δε τετράποδα τα μεν πρόσθια σκέλη επι το κυρτόν, τα δ' οπίσθια επι το κοίλον όμοίοις όε και οι όρνιθες. αίτιον ό' οτ ι η φύσις ούδεν δημιουργεί μάτην, ώσπερ εΐρηται πρότερον, άλλα πάντα προς τό βέλτιστον εκ τών ενδεχομένου. ώστ’ επε'ι 2'. πόσιν όσοις υπάρχει κατά Φάσιν η κατά τόπον μεταβολή τοίν σκελοίν, έστώτος μεν έκάστου τό βάρος έν tovtoj έστί, κινούμενοις δ' εις τό πρόσθεν δει τον πόοα. τον ηγούμενον τη θέσει κούφον είναι, συνεχούς οε της πορείας γινομένης αύθις εν τούτω τό βάρος άπολαμβάνειν, όηλον οδς άναγκαίον εκ is τού κεκάμφθαι τό σκέλος αύθίς τε ευθύ γίνεσθαι, μένοντας τού τε κατά τον πρooJσθέvτa πόδα σημείου και της κνημης. τοίττο δε σνμβαίνειν άμα
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as winjtfed cupula are represented in pictures, the Willi's would ser\e no purpose.
At the same time- it is clear from what hsis been -aid that man, or any otlu-r creature of like form, cannot be winged, nut only because, bciny red-!))oo(]r-d. he would then move at more j»oints than four, but also because the possesion of win^s would he useless to him when moving in a natural manner. Now nature creates nothing unnatural.
XII.	It lias aln-adv been stated that, if thfre uv-re no benrlinji in the legs or shoulders and hip-, none of tin- animak which are rerl-bloodt-d and have fV-ct could progress ; and that bending would l)t- impossible if sametliirur were not at rest ; and tli.it men am) birds. ljein«r both hiptrds. bend thrir	in
opposite directions ; and. lurtlit-nvnin·, that ijnadru-jbend their pairs of in opposite directions tii one another and in ;iti opposite manner to men. 1 \>r men bend their arms conenvdv «ind their legs cniiM-xlv. but quadrupeds ln-nd their ir<>nt legs cun-vc\Iy and tlu-ir back li-jrs eonoaxdy : birds too do the latter. The reason is that nature never does :iiiy tiling without a purpose, a* lias b««-n s:iici before, l>ut creates all things with a view to the Ιχ-Ί that circumstances allow. And so sine·- in all creatures which possess by nature the- pmivr of locomotion by means of their two li-gs. when each le# is stationary the weight must be upon it, hut when they move forward, the leading l< tr must h.ne n<> weight upon it, and as progression continues it is necessary to transfer tin-weight on to tlm U-<r; it is clf-;irly es>i:ntial that the leg after bcin«r bent should become btrnight a^aiti, tin- point at which the leg is thrust forward and the shin remaining at π-st. And it is possible
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3	καί προϊέναι το ζώον εις τοϋμπροσθεν μεν έχοντος τήν καμπήν του ηγουμένου σκέλους δυνατόν, εις τουπισθεν δ’ αδύνατον, ούτω μεν γάρ προενεχθέν-30 τος του σώματος η εκτασις του σκέλους εσται, έκείνως δ’ άνενεχθέντος. ετι δ’ εις το όπισθεν μεν της καμπής οϋσης διά δυο κινήσεων εγίγνετ αν η του π οδός θεσις υπ εναντίων τε αύταΐς,1 και 711 b τής μεν εις τό όπισθεν τής δε εις τό έμπροσθεν· άναγκαΐον γάρ εν τή συγκάμφει του σκέλους του μεν μηροΰ τό έσχατον εις τοϋπισθεν προάγειν, την δε κνήμην από τής καμπής εις τό έμπροσθεν τον πόδα κινεΐν. εις τό έμπροσθεν δε τής καμπής 5 οϋσης, οϋθ' ύπεναντίαις κινήσεσι μια τε τή εις τό έμπροσθεν ή λεχθεΐσα πορεία συμβήσεται.
Ό μεν οϋν άνθρωπος δίπους ών καί την κατο, τόπον μεταβολήν κατά φυσιν τοΐς σκελεσι ποιούμενος δια. την είρημενην αιτίαν κάμπτει εις το έμπροσθεν τα σκέλη, τούς δε βραχίονας επί τό κοΐλον ίο εύλόγως· άχρηστοι γα,ρ αν ήσαν καμπτόμενοι τουναντίον 7τρός τε την των χειρών χρήσιν καί προς την τής τροφής λήφιν. τα δε τετράποδα καί ζωοτόκα τα. μεν έμπροσθεν σκέλη, επειδή ηγείται τε τής πορείας αυτών και έστι ταΰτ εν τω μέρει τω έμπροσθεν τοΰ σώματος, ανάγκη κάμπτειν is επί τήν περιφέρειαν δι α τήν αυτήν αιτίαν ήνπερ καί οι άνθρωποι* κατά γάρ τούτο ομοίως έχουσιν. διόπερ καί τα τετράποδα κάμπ τουσιν εις τό πρόσθεν τον είρημένον τρόπον, καί γάρ ούτως μεν τής κάμψεως αυτών γινομένη ς επί πολύ δυνήσονται τούς πόδας μετεωρίζειν έναντίως δε
1 ύπεναντίων re αύταΐς Jaeger: ύπιναντίως τε (δε UZ) αύταΐ
libri.
524
PROGRESSION OF ANIMALS, xn.
for this to happen and for the animal at the same time to progress if the leading leg can bend forward, but impossible if it bends backwards. For in the first case the extension of the leg will take place with the forward movement of the body, in the second case with its backward movement. Further, if the bending were backwards, the planting of the foot would be carried out by two movements contrary to one another, one backwards and the other forwards. For in bending the leg it is necessary to draw the extremity of the thigh backwards, and the shin would move the foot forwards from the point of bending ; but if the bending be forward, the progression described above will take place not by two contrary movements but by a single forward movement.
Man then, being a biped and carrying out the change from place to place in a natural manner by means of his legs, bends his legs forwards for the reason already stated, but bends his arms concavely. This is only in accordance with reason ; for if they were bent in the opposite direction, they would be useless for the purpose of the hands and for taking food. But viviparous quadrupeds of necessity bend their front legs in an outward curve, because these legs lead the way when they Avalk, and are also situated in the front part of their bodies ; and the reason is the same as in man, for in this they resemble man. Thus the quadrupeds too bend their legs forward in the manner already described ; for indeed, since they bend their legs in this way, they Λνΐΐΐ be able to raise their feet high in the air, whereas, if they bent them in the opposite direction, they would
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20 κάμπτοντας μικρόν a πο της γης αν αυτους α μα-τεώριζον διά το τον τε μηρόν δλον και την καμπήν, άφ’ ης η κνημη πεφυκεν, υπό τη γαστρι γίγνεσθαι προϊόντος αυτόν, των δ' όπισθεν σκελών ει μεν ην εις το έμπροσθεν η κάμφις, των ποδών 6 μετεωρισμός ομοίως αν αντοΐς είχε τοΐς προ-25 σθίοις (επί βραχύ γάρ αν εγίγνετο καί τούτοις κατά την άρσιν των σκελών, του τε μηρού καί της καμπής άμφοτερων υπό τον της γαστρος τοπον ύποπιπτόντων), ει δ’ εις το όπισθεν, καθάπερ καί νυν κάμπτουσιν, ονθεν εμπόδιον αντοΐς γίγνεται προς την πορείαν εν τη τοιαύτη κινήσει τών ποδών. ετι τοΐς γε θηλαζομενοις αυτών καί προς την so τοιαντην λειτουργίαν άναγκαΐον η βελτιόν γ’ οϋτω κεκάμφθαι τά σκέλη’ ου γάρ ρόδιον την κάμφιν ποιούμενων εντός ύφ* αυτά εχειν τα τέκνα καί σκεπάζειν.
712 a XIII. ‘Όντων δε τεττάρων τρόπων της κάμφεως κατά τους συνδυασμούς1 (ανάγκη γάρ κάμπτειν η επί το κοΐλον καί τα πρόσθια καί τά οπίσθια, καθάπερ εφ ’οίς Α, η επί τουναντίον επί το κυρτόν, καθάπερ εφ’ οΐς Β, η άντεστραμμενως καί μη επί 6 τα αυτά, αλλά τά μεν πρόσθια επί το κυρτόν, τα δ’ οπίσθια επί το κοΐλον, καθάπερ εφ’ οΐς τό Γ, η τουναντίον τούτοις τα μεν κυρτά προς άλληλα, 1 συνδυασμούς Ζ : σινδέσμους ceteri.
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lift them only a little way from the ground, because the whole of the thigh and the joint from which the shin grows would come up against the belly as the animal advanced. On the other hand, if the bending of the back legs were forward, the raising of the feet would be similar to that of the front feet (for they could only be raised a short distance by lifting the legs, since the thigh and the joint of both legs would come up under the region of the belly), but the bending being, as it is, backwards, there is nothing to hinder their progression as they move the feet in this manner. Again, for those animals which are suckling their young, it is necessary, or at any rate better, that their legs should bend in this way with a view to this function ; for if they bent their legs inwards, it would not be easy for them to keep their young underneath them and to protect them.
XIII.	Now there are four ways of bending the legs taking them in pairs. Both the fore and the hind legs must bend either concavely, as in figure A ; or in the opposite manner, that is convexly, as in Β :
(Mich.
supplies the figures which are lacking in the mss. In each group the front legs are the left pair, the hind legs the right.)
or inversely, that is to say, not in the same direction, but the forelegs bend convexly and the back legs concavely, as in C; or (the converse of C) with the convexities tenvards one another and the concavities
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S τα δε κοΐλα εκτός, καθάπερ εχει εφ' οΐς το Δ), ως μεν εχει εφ' οΐς το Α η το Β, ούθεν κάμπτεται οντε των δίποδων ούτε των τετραπόδων, ως δε ίο το Γ, τα τετράποδα, ως δε τό Δ, των μεν τετραπόδων ούθεν πλήν ελεφας, ό δ’ άνθρωπος τους βραχίονας και τα σκέλη· τους μεν γάρ επί τό κοΐλον κάμπτει, τα δε σκέλη επί το κυρτόν.
’Α ει δ’ εναλλάξ εναντίως εχει τα κώλα τάς κάμφεις τοΐς άνθρώποις, οίον το ωλέκρανον επι το 15 κοΐλον, 6 δε καρπός της χειρος επί το κυρτόν, και πάλιν 6 ώμος επί τό κυρτόν ωσαύτως δε καί επί των σκελών ό μηρός επί τό κοΐλον, τό δέ γόνυ επι τό κυρτόν, ό δε πούς τουναντίον επι το κοΐλον. καί τα κάτω δη προς τα άνω φανερόν ότι εναντίως· η γάρ αρχή ύπεναντίως, 6 μεν ώμος επί τό κυρτόν, 20 ό δε μηρός επί τό κοΐλον διό καί ό μεν πούς επί τό κοΐλον, ό δε καρπός τής χειρος επί τό κυρτόν.
XIV.	Αι μεν οΰν κάμφεις των σκελών τοντόν τε τον τρόπον εχουσι καί διά τάς αιτίας τάς είρημενας, κινείται δε τά οπίσθια προς τα εμ-25 προσθεν κατά διάμετρον μετά γάρ τό δεξιόν τών έμπροσθεν τό αριστερόν τών όπισθεν κινοΰσιν, εΐτα τό αριστερόν τών έμπροσθεν, μετά τοΰτο τό δεξιόν τών όπισθεν. αίτιον S’ ότι ει μεν τα έμπροσθεν άμα καί πρώτον, διεσπάτο αν ή και προπετής αν εγίνετο ή βάδισις οΐον εφελκομενοις so τοΐς όπισθεν. ετι δ’ οή πορεία αλλά άλσις το τοιοΰτον χαλεπόν δε συνεχή ποιεΐσθαι την μεταβολήν άλλόμενα. σημεΐον δε· ταχύ γάρ άπαγορεύ-ουσι και νυν τών ίππων όσοι τον τρόπον τούτον ποιούνται την κίνησιν, οΐον οι πομπεύοντες. χωρίς 528
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outwards, as in D. No biped or quadruped bends its limbs as in figure A or B. but quadrupeds bend them as in C. The bendings illustrated by figure D occur in none of the quadrupeds except the elephant, and in the movement of the arms and legs by man, for he bends his arms concavely and his legs convexly.
In man the bendings of the limbs always take place alternately in opposite directions ; for example, the elbow bends concavely but the wrist convexly, and the shoulder again convexly. Similarly in the legs, the thigh bends concavely, the knee convexly, and the foot, on the other hand, concavely. And obviously the lower limbs bend in opposite directions to the upper ; for the origin of movement bends in opposite directions, the shoulder convexly and the thigh concavely ; therefore also the foot bends concavely and the wrist convexly.
XIV.	The bendings, then, of the legs take place in this manner and for the reasons stated. But the back legs move diagonally in relation to the front legs ; for after the right fore leg animals move the left hind leg, then the left fore leg, and after it the right hind leg. The reason is that, if they moved the fore legs at the same time and first, their progression would be interrupted or they would even stumble forward, with their hind legs as it were trailing behind. Further, such movement would not be walking but jumping ; and it is difficult to keep up a continuous movement from place to place by jumping. An illustration of this is that, in actual fact, horses that move in this manner,® for example in religious processions, soon become tired. For this reason, then, animals do
a i.e. prancing instead of walking.
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μεν ούν τοις έμπροσθεν και όπισθεν δια ταΰτα 712 b ον1 ποιούνται την κίνησιν ει δε τοΐς δεξιοΐς άμ-φοτέροις πρώτοις, έξω αν έγίγνοντο των ερει-σμάτων και έπιπταν αν. ει δη ανάγκη μεν η τούτων των τρόπων όποτερονοΰν ποιεΐσθαι την κίνησιν η κατά διάμετρον, μη ενδέχεται δ’ εκείνων 6 μηδέτερον, ανάγκη κινεΐσθαι κατά διάμετρον οντω γάρ κινούμενα ώσπερ εΐρηται ουδέτερα τούτων οΐόν τε πάσχειν. και διά τοΰτο οι ίπποι και όσα τοιαΰτα, ΐσταται προβεβηκότα κατά διάμετρον, και ου τοΐς δεξιοΐς η τοΐς άριστεροΐς άμφοτέροις άμα. τον αυτόν δε τρόπον καί όσα πλείους εχει ίο ποδας· τεττάρων ποιείται την κίνησιν αει γάρ εν τοΐς τέτταρσι τοΐς εφεξής τα οπίσθια προς τά έμπροσθεν κινείται κατά διάμετρον. δηλον δ’ επί τοΐς βραδέως κινουμένοις. καί οι καρκίνοι γάρ τον αυτόν τρόπον κινούνται' των πολυπόδων γάρ είσιν. αει γάρ καί οΰτοι κατά διάμετρον 15 κινούνται, εφ’ όπερ αν ποιώνται την πορείαν, ιδίως γάρ τοΰτο τό ζώον ποιείται την κίνησιν μόνον γάρ οι) κινείται επί τό πρόσθεν των ζώων, άλλ’ επί τό πλάγιον. άλλ’ έπεί τοΐς όμμασι διώρισται τό πρόσθιον, ή φύσις πεποίηκεν άκο-λουθεΐν δυναμένους τούς οφθαλμούς τοΐς κώλοις· 20 κινούνται γάρ εις τό πλάγιον αύτοΐς, ώστε τρόπον τινά καί τούς καρκίνους κινεΐσθαι διά τοΰτ’ επί τό έμπροσθεν.
XV.	Οι δ’ όρνιθες τά σκέλη καθάπερ τά τετράποδα κάμπτουσιν. τρόπον γάρ τινα παραπλησίως 1 ου Ρ: om. SYUZ.
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not move separately with their front and back legs0; and, if they moved with both their right legs first, they would not be above their supporting limbs and would fall. If, then, they must necessarily move in one ον other of these t-wo ways or else diagonally, and neither of the first two ways is possible, they must necessarily move diagonally ; for if they move thus they cannot, as has been explained, suffer either of the above ill results. For this reason horses and similar animals stand at rest with their legs advanced diagonally and not with both right or both left legs advanced at the same time. And those animals which have more than four legs move in the same manner ; for in any four adjoining legs the back legs move diagonally with the fore legs, as can be plainly seen iii those Avliich move slowly.
Crabs too move in the same fashion, for they are among the polypods. They, too, always move on the diagonal principle in whatever direction they are proceeding. For this animal moves in a peculiar manner, being the only animal to move obliquely and not forward. But since “ forward ” is determined in relation to the vision, nature lias made the crab’s eyes able to conform with its limbs ; for its eyes move obliquely, and so, for this reason, crabs too can, in a sense, be said to move “ forward.”
XV.	Birds bend their legs in the same manner as quadrupeds ; for in a way their nature is closely
° i.e. do not move first the front legs together and then their back legs together. The ms. authority is strongly in favour of the omission of the negative; but 712 b 4 “ one or other of these two ways ” implies the alternative of movement with the front legs together and then the back legs together, or else with the right legs together and then the left legs together.
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η φύσις αυτών εχει- τοις yap ορνισιν αι τττερυγες
άντΙ των προσθίων σκ€λών είσίν. διό και κεκαμ-25 μεναι τον αυτόν ει σι τρόπον ώσπερ εκείνοις τα πρόσθια σκέλη, επεί της εν τη πορεία κινησεως τούτοις από των πτερύγων η κατά, φύσιν άρχη της μεταβολής εστίν πτήσις γάρ εστιν η τούτων οικεία κίνησις, διόπερ άφαιρεθεισών τούτων οϋθ’ 30 εστάναι ούτε προϊεναι δύναιτ’ αν ούθε'ις όρνις.
Έτι δίποδος οντος και ούκ ορθού, και τα έμπροσθεν μέρη τού σώματος κουφότερα εχοντος, η άναγκαΐον η βελτιον προς τό εστάναι δύνασθαι τον μηρόν ούτως υποκείμενον εχειν ως νΰν εχει, λέγω δ’ ότι εις τό όπισθεν πεφνκότα. άλλα μην ει εδει τούτον εχειν τον τρόπον, ανάγκη την κάμφιν επι 7i3a τό κοΐλον γίνεσθαι τού σκέλους, καθάπερ τοις τετράποσιν επι των όπισθίοπη διά την αυτήν αιτίαν ηνπερ είπομεν επι των τετραπόδων καί ζωοτόκων.
°Ολως δε οι τε όρνιθες καί τα όλόπτερα των πε-τομενων καί τα εν τω υγρά) νευστικά, όσα αυτών 5 δι’ οργάνων την επί τού υγρού ποιείται πορείαν, ου χαλεπόν ίδεΐν ότι βελτιον εκ πλαγίου την των εί-ρημενων μερών πρόσφυσιν εχειν, καθάπερ και φαίνεται νύν ύπάρχειν αύτοίς επί τε τών ορνίθων καί τών όλοπτερων. ταυ τό δε τούτο καί επί τών ιχθύων τοις μεν γάρ ορνισιν αι πτέρυγες, τοις δ’ ίο ενύδροις τα πτερύγια, τα δε πτίλα τοις όλοπτεροις εκ τού πλαγίου προσπεφυκεν. ουτω γάρ αν τάχιστα καί ισχυρότατα διαστελλοντα τα μεν τον άερα τα δε τό υγρόν ποιοΐτο την κίνησιν εις γάρ τό έμπροσθεν καί τα όπισθεν μόρια1 τού σώματος επακολουθοίη αν ύπείκοντι φερόμενα τα μεν εν is τω ύγρώ τα δ’ εν τω άερι. τά δε τρωγλοδυτικά 532
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similar. For in birds the wings serve instead of front legs, and so they are bent in the same manner as the front legs of quadrupeds, since in the movement involved in progression the natural beginning of the change is from the wings, for their particular form of movement is flight. Hence, if the wings were taken away, no bird could stand or progress forward.
Further, since the bird is a biped and not erect, and the front parts of its body are lighter, it is either necessary (or at any rate more desirable), in order to enable it to stand, that the thigh should be placed, as it actually is, underneath, by which I mean growing towards the hinder part. But if the thigh is necessarily in this position, the bending of the leg must be in a concave direction, as in the back legs of quadrupeds, and for the same reason as we gave in dealing with viviparous quadrupeds.
Generally in birds and winged insects and creatures that swim in the water (all, that is to say, that progress in the water by means of their instrumental parts), it is not difficult to see that it is better that the attachment of such parts should be oblique, as in fact it seems actually to be in the birds and the flying insects. The same is also true of the fishes ; for the wings in birds, the fins in fishes, and the wings in flying insects all grow obliquely. This enables them to cleave the air or water with the greatest speed and force, and so effect their movement ; for the hinder parts, too, can thus follow in a forward direction, being carried along in the yielding water or air.
The oviparous quadrupeds which live in holes, 1
1 και τα βπίσθεν μύρια Jaeger: καί το όπισθεν τί (τα om. ΥΖ) μόρια libri.
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των τβτραποοων και ωοτοκων, oioy οι Τ€ ῶμο-
κόδειλοι καί σαΰροι καί άσκαλαβώται καί έμύδες τε καί χελώναι, πάντα εκ τον πλαγίου προσπε-φυκότα τα σκέλη έχει καί έπϊ τη γη κατατεταμένα, •20 καί κάμπτει εις το πλάγιον, διά το οντω χρήσιμα είναι προς την της ύποδύσεως ραστώνην και προς την £πί τοΐς ωοΐς εφεδρείαν και φυλακήν, έξω δ’ όντων αυτών, άναγκαϊον τους μηρούς προσ-στέλλοντα1 και υποτιθέμενα ύφό αυτά τον μετεωρισμόν του όλου σώματος ποιεϊσθαι. τούτου δε 25 γινομένου κάμπτειν αυτά ούχ οΐόν τε άλλως ή έξω.
XVI.	Τα δ’ άναιμα των ύποπόδων ότι μεν πολύποδά εστι και ούθέν αυτών τετράπουν, πρότερον ήμΐν ε’ίρηται· διότι δ’ αυτών άναγκαϊον ήν τ α σκέλη πλήν τών εσχάτων εκ τε του πλαγίου προσπεφυκέναι και εις το άνω τάς καμπάς εχειν, -ο και αυτά ύπόβλαισα είναι εις τό όπισθεν, φανερόν, απάντων γάρ τών τοιούτων αναγκαΐόν εστι τα μέσα τών σκελών και ηγούμενα είναι και επόμενα. ει οΰν υπ’ αύτοίς ήν, έδει αυτά και εις τό εμ-713 b προσθεν και εις τό όπισθεν την καμπήν εχειν, διά μεν τό ήγεΐσθαι εις τό έμπροσθεν, διά δέ τό άκολουθεΐν εις τό όπισθεν. έπει δ’ άμφότερα συμβαίνειν άναγκαϊον αύτοίς, διά τούτο βεβλαίσω-5 ται τε καί εις τό πλάγιον έχει τάς καμπάς, πλήν τών εσχάτων ταΰτα δ* ώσπερ πέφυκε μά/\λον, τα μεν ως επόμενα τα δ’ ως ηγούμενα, έτι δέ κέκαμπται τον τρόπον τούτον και διά τό πλήθος τών σκελών ήττον γάρ αν ούτως εν τή πορεία εμπόδιά τε αυτά αύτοίς είη καί προσκόπτοι. ή ίο τε βλαισότης αυτών εστι διά τό τρωγλοδυτικά 534
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such as the crocodile, the common and the spotted lizard, and land and water tortoises, all have their legs attached obliquely and stretched out upon the ground ; and they bend them obliquely, since they are thus useful in enabling them to crawl easily into their holes and to sit upon and protect their eggs. Since their legs project, they are obliged to raise their whole body by drawing in their thighs and placing· them underneath them ; and in this process they cannot bend them otherwise than outwards.
XVI.	It has already been said that bloodless animals which have legs are polypods, and none of them quadrupeds. Their legs, except the two extreme pairs, are necessarily attached obliquely and bend upAvards and are themselves bowed somewhat backwards ; and the reason for this is plain. For in all such animals the middle legs must both lead and follow. If, therefore, they were underneath them, they would have to bend both forwards and backwards—forwards because they lead, and backwards because they follow. But since they must do both these things, their legs are bowed and make their bends obliquely, except the extreme pairs, which are more in accordance with nature, since the first pair leads and the last pair follows. The number of legs is a further reason for their being bent in this way ; for they would thus be less likely to get in each other’s way during movement and collide with one another. The reason that these animals are bow-legged is that they all, or most of 1
1 προσστέλλοντα (cum Mich.) Jaeger: προστέλλοντα libri.
535
ARISTOTLE
εΐναι πάντα ἡ τα πλεΐστα· ου γάρ οΐόν τε υψηλά είναι τα ζώντα1 τον τρόπον τούτον.
Οι δε καρκίνοι των πολυπόδων περιττότατα πεφύ-κασιν ούτε γάρ εις το πρόσθεν ποιούνται την πορείαν πλήν ώσπερ εΐρηται πρότερον, πολλούς τε τούς ηγουμένους εχουσι μόνοι των ζώων, τούτου δ* ιδ αίτιον ή σκληρότης των ποδών, καί ότι χρώνται ου νεύσεως χάριν αύτοΐς αλλά πορείας· πεζεύοντα γάρ διατελοΰσιν. πάντων μεν οΰν των πολυπόδων εις το πλάγιον αι καμπαί, ώσπερ καί των τετραπόδων όσα τρωγλοδυτικά· τοιαΰτα δ’ εστίν οιον σαϋραι καί κροκόδειλοι καί τα πολλά των ωο-20 τοκούντων. αίτιον δ’ ότι τρωγλοδυτεΐ τα μεν τοΐς τόκοις, τα δβ και τω βίω παντί.
XVII.	Άλλα των μεν άλλων βλαισοϋταιτά κώλα διά τό μαλακά είναι, των δε καράβων όντων σκληρόδερμων οι πόδες είσίν επί τω νεΐν καί ου του βαδίζειν χάριν των δε καρκίνων η κάμψις εις τό 25 πλάγιον, καί ου βεβλαίσωται ώσπερ τοΐς ωοτόκοις των τετραπόδων καί τοΐς άναίμοις καί πολύποσι, διά τό σκληρόδερμα είναι τα κώλα καί οστρακώδη όντι ου νευστικω καί τρωγλοδύτη· προς τη γη γάρ ο βίος, καί στρογγύλος δε την μορφήν, καί ούκ εχων ούροπύγιον ώσπερ ό κάραβος· προς την 80 νεΰσιν γάρ τοΐς καράβοις χρήσιμον, ό δ’ ου νευ-στικός. καί όμοιον δε τω όπισθεν τό πλάγιον εχει μόνος, διά τό πολλούς εχειν τούς ηγεμόνας 1 τα ζωντα om. SU.
β 712 b 20 f.
b Viz. two pairs of front legs.
0 i.e. they walk both on dry land and in the sea. d The whole of the section is obscure, and the text doubtful. 536
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them, live in holes ; for creatures that live thus cannot be tall.
Crabs are the most strangely constituted of all the polypods ; for they do not progress forward (except in the sense already mentioned0), and they alone among animals have several leading legs.6 The reason is the hardness of their feet and the fact that they use them not for swimming but for walking ; for they always go along the ground.0 All the polypods bend their legs obliquely like the quadrupeds that live in holes ; lizards, for instance, and crocodiles and most oviparous quadrupeds are of this nature. The reason is that they live in holes, some only during the breeding season, others throughout their lives.
XVII.	Now the other polypods d are bow-legged because they are soft-skinned, but the legs of the spiny lobster,6 which is hard-skinned, are used for swimming and not for walking/ The bendings of crabs’ legs are oblique but their legs are not bowed, as are those of viviparous quadrupeds and bloodless polypods, because their legs are hard-skinned and testaceous, the crab not being a swimming animal and living in holes, for it lives on the ground. Moreover, the crab is round in shape and does not possess a tail like the spiny lobster ; for the latter’s tail is useful fox' swimming, but. the crab does not swim. And it. is the only animal in which the side is like a hinder part, because its leading feet are numerous.9
e There is no single word in English for this animal, the Latin locusta and the French Icingouste.
f And therefore are not bowed, as Mich, explains.
o Since the crab moves sidewise, one of its sides becomes as it were the back, but why it should be so for the reason given is obscure.
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ττοδας. Tovtov δ αίτιον ότι ον κάμπτει εις το 714 a πρόσθεν ουδέ βεβλαίσωται. του δε //τ) βεβλαι-σώσθαι το αίτιον πρότερον είρηται, η σκληροτης καί το οστρακώδες του δέρματος. ανάγκη δη διά ταΰτα ητάσι τε προηγεΐσθαι καί είς τό πλάγιον, είς μεν το πλάγιον ότι εις το πλάγιον η κάμφις, 5 πάσι δ’ οτι ενεπόδιζον αν οι ηρεμονντες πόδες τοΐς κινουμενοις. οι δε φηττοειδεΐς τών ιχθύων, ώσπερ οι ετερόφθαλμοι βαδίζουσιν, οϋτω νεουσιν διεστραπται γάρ αυτών η φύσις, οι δε στεγανό-ποδες τών ορνίθων νεουσι τοΐς πόσιν, καί διά μεν ίο το τον αέρα δεχεσθαι καί άναπνεΐν δίποδες είσι, διά δε το εν ύγρώ τον βίον εχειν στεγανόποδες· αντί πτερυγίων γάρ χρήσιμοι οι πόδες αντοΐς τοιοΰτοι οντες. εχουσι δε τα σκέλη ονχ ώσπερ οι άλλοι κατά μέσον, άλλ’ όπισθεν μάλλον βρα-χυσκελών γάρ αυτών όντων όπισθεν όντα προς την νεϋσιν χρήσιμα, βραχυσκελεΐς δ’ εΐσίν οι 15 τοιοΰτοι διά το από του μήκους τών σκελών άφελοΰσαν την φόσιν προσθεΐναι είς τούς πόδας, καί αντί του μήκους πάχος άποδοΰναι τοΐς σκελεσι καί πλάτος τοΐς πόσιν χρήσιμοι γάρ πλατείς1 οντες μάλλον η μακροί προς τό άποβιάζεσθαι τό υγρόν, όταν νε'ωσιν.
20 XVIII. Ei5Aoyo>s δε καί τα μεν πτηνά πόδας όχει, οι δ’ ιχθύες άποδες· τοΐς μεν γάρ ο βίος εν τω ξηρώ, μετέωρον δ’ αει μενειν αδύνατον, ώστ’ ανάγκη πόδας εχειν τοΐς δ’ ίχθύσιν εν τοι ύγρώ ο βίος, καί τό ύδωρ δέχονται, ου τον άερα. τα 714 b μεν ούν πτερύγια χρήσιμα προς τό νεΐν, οι 8e πόδες άχρηστοι. ει δ’ άμφω εΐχον, άναιμοι αν ησαν. ομοίως δ* εχουσιν οι όρνιθες τρόπον τινα 538
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Tlie reason is that it does not bend its legs forwards and is not bow-legged. Why it is not bow-legged has been already explained before, namely, because its skin is hard and testaceous. For this reason it must lead off with all its legs and obliquely—obliquely because its bendings are oblique, and with all its legs, because otherwise those which were at rest would impede those which were moving.
Flat-fish swim as one-eyed men walk ; for their nature is distorted. Web-footed birds swim with iheir feet. They are bipeds, because they take in breath and respire ; they are web-footed, because they live in the water, for their feet being of this kind are of service to them in place of fins. They do not have their legs, as the other birds do, in the centre of the body, but placed rather towards the back ; for since they are short-legged, their legs being set back are useful for swimming. This class of bird is short-legged because nature lias taken away from the length of their legs and added to their feet, and has given thickness instead of length to the legs and breadth to the feet ; for. being broad, they are more useful than if they were long, in order to force away the water when they are swimming.
XVIII.	It is for a good reason, too, that winged animals have feet, while fishes have none. The former live on dry land and cannot always remain up in the air, and so necessarily have feet ; but fishes live in the water, and take in \vater and not air. Their fins, then, are useful for swimming, whereas feet would be useless. Also, if they had both feet and fins, they λνουΐά be bloodless. Birds in a way
1 7rXare?s Ί,: ταχΰί PSUY.
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4b „ , a,	χ „	v ,
τοι? ιχθνσιν. τοις μεν γαρ ορνισιν ανω αι πτέρυγες
5 είσι, τοΐς δε πτερύγια δυο εν τω πρανεΐ’ και τοΐς μ£ν εν τοΐς ύτττίοις οι πόδες, τοΐς Si iv τε τοΐς νπτίοις και εγγύς των πρανών πτερύγια τοΐς πλείστοις· και οι μεν ούροπύγιον εχουσιν, οι δ’ ούραΐον.
XIX.	Περί δε των οστρακόδερμων άπορήσειεν αν τις τις ή κίνησις, καί ει μη εχουσι δεξιόν καί αριστερόν, ποθεν κινούνται· φαίνονται δε κινον-10 μένα. η ώσπερ ανάπηρον δει τιθεναι παν το τοιοΰτον γένος, καί κινεΐσθαι ομοίως οΐον ε’ί τις άποκόφειε των ύποπόδων τα σκέλη, {τ})1 ώσπερ η φώκη καί η νυκτερίς· και γαρ ταΰτα τετράποδα, κακώς δ’ εστίν. τα δ’ οστρακόδερμα κινείται μεν, κινείται δε παρά φύσιν ου γάρ εστι κινητικά, άλ/V is ως μεν μόνιμα καί προσπεφνκότα κινητικά, ως δε πορεντικά μόνιμα, εχουσι δε φαυλως καί οι καρκίνοι τα δεξιά, επεί εχουσι γε. δηλοΐ δ’ ή χηλή· μείζων γάρ καί ισχυρότερα ή δεξιά, ως βουλομενων δι-ωρίσθαι τών δεξιών καί τών αριστερών.
2ο Τα μεν ου ν περί τών μορίων, τών τ’ άλλων καί τών περί την πορείαν τών ζώων καί περί πάσαν την κατά τόπον μεταβολήν, τούτον εχει τον τρόπον τούτων δε διωρισμενων εχόμενόν εστι θεώρησα ι περί φυχής.
1 ή addidi. * *
*	i.e. a second pair of fins.
*	See 11.A. 527 b35ff., where land-snails, sea-snails, oysters and sea-urchins are given as examples.
c See II.A. 498 a 31, P.A. 697 b 1 if.
d These words can only refer to the De anima, which from its citation in the De g (iterations animalivm, De part thus animal'mm, etc., must be regarded as an earlier work. This
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resemble fishes. For birds have their wings in the upper part of their bodies, fishes have two fins in their fore-part ; birds have feet on their under-part, most fishes have fins 0 in their under-part and near their front fins ; also, birds have a tail, fishes a tail-fin.
XIX. A question may be raised as to what is the movement of testaceans,6 and where their movement begins if they have no right and left ; for they ob\iously do move. Must all this class be regarded as maimed and as moving in the same way as an animal with feet if one were to cut off its logs, or as analogous to the seal and bat, which are quadrupeds but malformed ? c Now the testaceans move, but move in a way contrary to nature. They are not really mobile ; but if you regard them as sedentary and attached by growth, you find that they are capable of movement; if you regard them as progressing, you find that they are sedentary.
Crabs show only a feeble differentiation of right and left, but they do show it. It can be seen in the claw ; for the right claw is bigger and stronger, as though the left and right wished to be differentiated.
So much for our discussion of the parts of animals and particularly those which have to do with progression and all change from place to place. Now that these points have been settled, our next task is to consider soul.**
has led some critics {e.g. Brandis) to reject the whole of this paragraph as a later addition. Such a paragraph, however, is a characteristic conclusion in Aristotle, and should not be rejected as a whole. It is quite possible that the words 77epl φνχής are corrupt, and indeed the word φυχής has been supplied by a later hand in Z, whereas the first hand had left a blank and bad written ζωησ {sic) in the margin, which would be a reference to the latter part of the group of treatises known as the Parva Ν at υ ralia.
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abdomen (abdominal cavities) 50a 10
abomasum Tibia / 76a 10 abscess 67b5 “ abscession ” 39 / 90a5 Acalephae 81a35 Aesop 63a3o allantois 93b25 Amia 761)20
analogy, difference by 44M0 I 45b5
Anaxagoras 40b5 / 45a35 /
7	Ta.5 / 87a5 animal 53b20 / 66a30 antelope 63a 10 ants 50h-25 / 78b 1.5 / S3a5 Aorta	'Wib-Vj (iTbloff
/ 71bl.) / TTao j 7SaI
ape 89b30 appendage ?0ao0 Aquinas, St Thomas 4J Arcadia 73al5 Aristotle, “ lantern ’’ of 80a 5
art 39b 15 / Klai.j Ascidian S0a.5 / 8la 10, 25 f ass 67a JO Ss>l)20
“ Indian ” ass 63al5 Astaci Sob-Jo ff attributes, “essential'’ (or “ inseparable”) 13a2o	/
4.5b 1
auditory passages 57al5
backbone 0Lb30 / 52al0 / olblO
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backward-grazing oxen 59 a 15
Bacon, Francis oSblo barn-door fowls 57b25 bat 97bl ff
Bates 05liJ.5 / 96a25 / 9?a5 beak 59bl ff /
Ii2a30ff/92bl5 /93a 10f bear 58hl
beautiful, the -lja25 bee 4Sa5 / 50bJ5 / 6Ia20 / 7Sbl0f / bJl.10 / S3a5, 30
beetle, see dung-beetle belly 55a 1
bending· 54l>5 / 83l> J, 30 / bTl W / 89a 10 / 93b 1 Bergson o
hile iDliMO. See ·>ο gall birds 43b 10 / 5? 1)5, 15 / 59b 1 ff / 60aA3 / ? tUlo ff / 76a30 / 91aA) / 92b 1 ff / 97h20
bison (ioalO bivalves 79b IA ff Blaek Sen
bladder 7ΟΙ > Jo IF / 71 bio, 25 / 76a2o
“Mend “ Ὁ / 37 / 38 / 39 / 50b2.5 ' j.'b25 30 , <>9al0 / 73h30 SmlO
blinking 57ao5, blof / ‘Jla20 blood 4 / k')t»j / 47b 1 (current of), .SO if / 4!)al5. b20 / 50a!->0 ff / 51a 10 / 5«bl / GfiliJA f / ()?Vil5 ff / 7Sa5 blood-vessels 4·? bj / oOa i.j f / 52bo0 / o lb 1 / (job 10 f, 25 / 6()l)i.‘)	6?t»15 ff
G reat Blood-vessel λ .'1)25 / 66b	/ (i? bio ff / ΤΙ hi /
?Sal
blooded animals 22 42b 10 /
544-
aOb^o / 65a2o / ?6bl0f / 7i?a5 / S5b35 ff bloodless animals 22 / 23 / -I-’blO / oOlvJj / 73a30 / ?8aJ5 ff
blow hole 59b 15 / !)7al5 ff boar 51al Bonasus 63a 10 bone 52a 1 ff / 53b:S0ff /
51 a 80 if / 66b 15 Boyle, R. 45a6 brain oJa20 ff / 56a 10 ff / 5Sbl 73b 10 / 86a5 breast SbalOff breathing-machine 59a5 bregma 53a35 bronchial tubes (>kr25 bull 51al / 63a3o buttocks S'Jl)5 ff
caecal appendages 75a10 caeca] dilatation ?jb5 Calamarv o-la-’O / 7Sb30 /
79a15 7 S5a10 ff, bl5 camel 63a 1 / 74a30 / 76K25 / 7?a35 / SSbA) / SOaSO Canthari SJlrJo Carabi, caraboids 79a30f / 83b23 ff
Carcini 83b25 ff Caria ?3al5 Carides 83b25 ff carnivorous animals ooalO / Glb5 / 62bl / ‘)8al / 97aI Cartesian co-ordinates lJ0 cartilage 54b2o / 55a30 catamenia 4Sa:i() / S9al0 cattle-flies 61a^0 Causes 3 / 8 / 11 / 21 / 24ff / 39b 1 Off / 40b5 / 11 a25 / 4(ia 10
cavities 66b20 ff centipede S2a5, bl
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Cephalopods 23 / 54al0 / 78a25 ff, b25 ff / 84b5 ff Cercidas 73a 15 Cestreus 75a 10 / 96a5 Cetacea 69a5 / 97al5ff Chalcis in Euboea 77al chamaeleon 92a20 chance 40a30 / 41b20 / 45a20 ciliary motion 84b20 classification 18/20/ 42b5 ff / 4obI0 ff
claw s 62b 1 / 83b30 f / 84a 15,
30
cloven hoof 74a2o / and
cockchafer b2hl5 “ colliquescence ” 33 / 77alO colon 75b5, 15
common functions to body and soul 9 / 43a35 components in isolat ion 45a3.5 “ com] osition ”4 / 46a 10 ff competition of Aristotle’s works 10
“ concoction ” 31/34 / 50a5 / 51a20, l>25 / 52a5 / 6bb5/ ?0a20, 25 / 72a 1 /75a 10 f / 77h.'.5 f
connate pneuma 59bI5 / 69al controlling part 73bl0 /
SI hi 5 ff / S-2bl, 25 / S6al5 Cook, A. B. 73al5 cooling- 56a20 / 62a 15 / 6Sb35 ff / 92a20 / 96b20 copulation 89a5, 25 Cordylus 95b25 couvre-feu 51a5 crab 79a30 / 91bl5 Crex 95a20
crocodile 60b25 f / 90b20 / 9Ial5, bo ff crop 74.b20 ff / 78b30 f crow 62bo
Crustacea 23 / 54a 1 / 57b30 / 78a25 ff / 83b25 ff cuttlefish 5Ia20. See also Sepia
Cuvier 44 / 84blo Cyprinoi 60b35
Darwin 4/7
deer 50bl5 / 63al0,bl0 / 64al / 67a30 / ?7a30 / 88b25 deformed animals 57a20 / 60b >5 / 84b1 / 95b1 Democritus 40b30 f / 42a25 / b'5a30
di rivation of words 62b20 / 72b30
diaphragm 70a5 / 72bl0 ff dichotomy IS / 42b5 ff differentiae 42b20 ff disadvantageous parts 48al 5 / 50a 15 / 63a5 / 64a5/94al5 Dissections 50a30 / 66a5 / CiSboO divers 59a5
divine things 44b25 ff / 56a5 “ division of labour ” 83a20/ 91 bJO
dog 74a I / 7oa25 / 88a5, bl Indian dog 43bo dog-teeth 61bl0 dolphin 55ala / 69a5 / 7Ta35 / 9(5b25 / 97a15
duality of the bod ν ό6Ι>30 / 63a-20 / 67b30 / 6'JblO ff dung 7ob30 dung-beetle 8^b25 dwarf-like 8tibl if / 89b25/ 95a5
cl ρ na in is 29 / 30-32 / 40a20 / 46al0, bl5 ff / 47bo/ 55bl0
ears 57al0 ff earth 5Ia25
s3
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earthy matter 63b25 if etc. editions of Aristotle’s De partibus 44—15 Edwards, Milne 83a20 eel 96a 1, b20
eggs 65a35 / 84a20 / 92a 15 “ Elements ” 30 / 42a20 / 46al0, b5 / 17a 10 / 48b 10 elephant 5Sb30ff / (>la25 / 63a1 / 82b30 / 88b5, 15 / 9 2b 15
embryo 51b20 / 55a 1 / 65b 1 / 66a20 / 71b5 / 76a 15 Empedocles 40a20, b5 / 42al5 / 4Sa30 Emvs 71a30 epiglottis 6 th20 ff epipetron 81a20 equivalents, law of organic 55a95
“ excess and defect ” (“ the more and less ”) 19 / 44a20, bl5 / 49a30 / 55a30 / 61h30ff / SIa30 / 92b5 excrement 63al5. See residue
excretory organs 89a5 ff eve and eyelid 57a2.5 fF/
' 91a20
eyebrows 58b 10 ff eyelashes 58a1Off
Fabricins 43 fat 5la20ff / 72al fear 50b25 / 67a 15 f / 79a25 / 82h25 / 92a20 feathers 92b 10 fibres 50b 10, 30 fin 85b 15 / 95b25ff Final Cause 21 / 39bl5ff/ 46b25
fire 49a20 / 50a5 if / 52b5 fishes 42bl0 / 5Sal /60bI0fF, 516
85f/62a5f/66bl0/75alff/ 76a25, b20 / 95b1ff fishing-frog 95bl0 / 96a25 fishing-rod 93a20 ilea SMa30
flesh 47a20/51b5 / 53bl5ff/ 60a5 f / 68a‘25 ff fly 61a20 / 7Sbl5 / 82bl0 /
83a30
fluid and solid 33 / 46al5 Hux 52b30
fontanel, anterior 53a35 foot 82a35ff / SoalOff / 90a25ff foreskin 57bl
form (and matter) 9/11 / 25 i 40a15, b20 / 41al5 formation (process of) 27 / 40a 1 Off / 46a35 funnel 79al
gadflies 61a20 gall and gall-bladder 5 / 7Gbl5 ff
gazelle oOblo / 63a 10, d25 gills 59b 15 / 96bl ff / 97al5f gladtus 54ai0
goat 73b30 / 74b5 / 76b35f / S8b25
Goethe S4bl5
srood, the 39b20 / 59b30 /
~ 70b20
“ good life ” 56a5 “ goodness ” (arete) 42a30 goosefish 95b 10 / 96a2o grasshopper 82al5f grease 51a25
Great Blood-vessel, see under blood-vessels Grosseteste, Richard 41 gut 74a10 / 75a30 f
haematoporphyria 6Sb5
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haemorrhage G8bl5 hair 58a 15 ff
hand S7a5 ff, bl ff / 90a30 hare 67a20 / 69b30 / 76al5 Ilarun-al-Rashid 40 Harvey, William 43 / 44 hawk 70b 1
head 56a 10 ff / 58b 1 / S6a5 ff hearing 56b 10
heart 47a25 / 5Sb5 / 51b 10 / 56a25 / 65a 10, blOff / 7i)ai?0f / 73bl0 / 77bl / 78bl / 86a15 / 96bl5 hr-at 53b5 / 96bl5 / and passim
hepatopancreas, see mecon Heracleitus 45al5 Heracleotic crabs 84al0 Herodotus 59a 15 Hippocrates 30 / 31 / 37 / I0bI5 / 48a1 / 50b20 / 85b5 / 86b25
Jlis/orta Animalium 46a5 / o0a30 / 60b1 / 74bl5 / sOal / S4b5 / 89a15 / !»(ibl5
Ilolothuria Blalo Homer 73al5 hoof 90a5ff horned animals 73b30 horns 6-2b20 ff horse 63al / 66bl5 / SSb-20, 30
hot, the 50a5 ff
hot and cold 41bl5 / 46al5 /
4Sa»0ff
hucklebone 51a30 / 54b-?0 / 90a1Off hyaena 67a20
“ idly ” (“ Nature does nothing idlv ”) (ilb20 / 91 b 1 / DIalo / 95b15
immortality 37 “ Indian ass ” 63al5f ink 79aI ff / 81b?5 Insects 23 / 54a25 / 5?b35 / 59b 15 / 78bl0 / 82al ff instruments, instrumental parts 30 / 45b 15,25 / 46b25 / 47a 1 ff, b20 / 87a5 ff intelligence 48al / 50b20 / Tia30 / 8<ia25 f / 87a5 intermediate creatures 23 / <i!)al0 / 81al0, blO / ( $9b30 / 97al5 ff “ internal finality ” 3 intestines 50aI5 / 74al0 ff / T.lbl ff / 76blO irrigation 6SalO f ischium 95al ff
jaws 91a25 ff jejunum 75b25 ff inints 54bl5. See also bending
Kerkidas 73al5
Κ cs.treus 75a 10 / 9(3a5
k idney 70a 15, b20 / 71a25 ff
kite 70b 1
Knides 81a35
Ktesias 63a 15
* lantern of Aristotle ” S0a5 iard 51a20 If, b25 / 72a5 layrnx 64al5 ff laughter 73a 1 ff Lee, H. D. P. 10 Leonardo da \7inci 65b5 leopard 67aJ0 / «8ao Lesbos 801)1 life 55b35 / 78bl limpet 79b25 / 80a20 lion 51b35 / 55al0 / 5Sa30 / 86a20 / 8Sa5, bl /89a30
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lips 5!»bJ0
liver 66a25 ff / 69b^5 ff/ 73bl5 ff / 77al5, 33 f, b35 lizard 76a25 / 91a5ff “ lizards ” (σαΰραι, plaited tubes) 85b5 lobster S4a30 locust 83a30
logos 26 f / 39b15 / 40a30 / 42a20 / 46hl / 49h2o/ 7Sa35 / 95b15 Lophius piscatorius 95bl0 lumen 71 bl
lung 64a20 f / 65a 15 / 6Sb30 if lynx S9a30
Maia 84a 10 mammae SSalo ff Man 44a 1 / -I5b-25 / 53a20 ff / 56a5 / 58a15, bl / 59b30 / 60a 10ff / 61b5 / 62bl5 / 66b5 / 69a20, bo / 7lbI / 73aj. 25 / 76b30 / 8t5a J5 ft / 8Sb30 / S9b5 ff / 90aJ5 / 93a 5
marrow 51b20ff marten 67a20
matter and form 9/35/36 mecon 79b 10 / S0a-30 melanin 34 Melolontha S2V>15 membrane 73hl if/??bl0,35/ 82b 15 / 83b-20 / 91a30 mesentery όΟβΛ) ’ ?6blO / 77b35ff
Methydrion 73a 15 metre 60a 5 mice 67a.?0 / 7(>b30 Michael Scot 40 ff / 46-17 migrants 94a5 milk 76al0 f / 8Sbl moderation 02b 15 Moerbeke, William of 42 548
moon, full S0a30 mouth 50al0ff / 62al5ff 96b20ff Murex 61a20 mussel 79b25 / S3bI5 mytis 79a5 / Slb20ff
nails 87b20 / 90b5 Natural science 39al0 / 40a “ Natural Selection ” 4 Nature39bl5/41a-?5, blOff, 4t?al5 / and passim Naxos ?7al
Necessity 21 / 39 b A) ff / 42a Iff, 30 ff / 4ob30 / 46b25 / 51al5 / 63b:?0 / 70a30, b20 / 72b30 / 77al5, bJO / Τ Sal / ?9a25 /	/
85bl5 / 92a1 / 94b5 neck 64aI0 66a5ff/92b20ff Xerites 79b-20
nictitating membrane 5?a30 “ non-uniform " parts 2b-30 / 4lia20, b5, 30 / 47a>5 / 50b25 if nostrils 5Sb25 ff nutriment (“ ultimate ”)
50a30 / 51al5 / 7Sa5, 15 nutrition 47al25 / 50a35
octopus 52b25 / 54a;?0 / 7Sb25 / 79a5ff / snoao.lo ff oesophagus 50al5 / 64a 15 ff / 74a10, b20 /	S6a20 /
91al
omasum 7 th 15 / 76a 10 f omentum 76bl0 / 7?bl5 operculum 79bl5 opposites, division by 43a30 orifice 8 la:? 5 Oryx 63a20 os sepiae 54a20 Ostreae S0b20
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ostrich oSalO / 95al5 / 97blOff
“ ova ” 80a 10 ff, bl ff ox 60b 15 / 71 bo / 88b25 etc.
oyster S0b5, 20 / 81bl0
Parmenides 48;ι2ό Parnassus 81a^0 parrot-fish 62a5 I 75al “part” 28-30 / 51b2o / 64a5 / 90a5 /
passages 50a 15 / 56b 15 / 71bl, 10 ff / 78al0 “ pen ” of Calamary 54a20 penis S9a20 f
“ perfect ” animals 55b30/ 66a25 / 82a30 philosophers, early 40bo / 41a5 ff / 47al0 “ philosophical treatises ” I2a5
])hlegra 53al / 77b5 pigeon 70bl
plants 50a20 / 55b30 / 78 alO / 81al5 ff / 82b30 / 83bl5 / 86b30
Plato 30 / 42b5 / 45a35 / 51b^0 / 69al5 / 76b25 pneuma, connate 59b 15 / 69al
“potentiality” 42al / 47a5 / 49b Iff / 67b20 / 68a30 “ pounce ” (of cuttlefish) 54a20
privative terms, privation 42b20 ff / 49a 15 proboscis 78bl0 / 79a5 / 85a30, blO Protagoras 42a25 purpose 45a20 / 51al5 / 63L20 / 70b20 / 77a15 / 78al5 / 92a1
Purpura 61a20 / 79bl5f Pyrrha, strait of 80bl Pythagoreans 70b20
rain 53al razor-fishes 83b 15 “ realization ” 35 ff relative size of parts 65b5 rennet 76a5ff
residue 29 / 32-34 / 47b25 / 50a20 / T0b25 / 71a5 / 74a 15 / 7,51)10 ff / 76a30 / 77alO f, 25 / SlaSO respiration 5 / 4-2a30 / 62al5 / 6-Ibl / Goal j reticulum 7Ibl5 / 76a5 Rhine 97a5 rhinoceros 63a 15 ribs 55al
lit mis Sarclonicus 73al0 rot 72a30ff rumen 74b 15
rumination, ruminants 74b5 / 75al f
St-I I ilaire, J. Barth£lemy- 44 / 45
St-Hilaire, G. 84bl5 saw-teeth 6Ibl5 / 62a5 scales 91al5 scallops 79b2o / S0b20 / S3bl5
Scarus 62a5 / 75a 1 scorpion 83a 10 sea-anemone 81a35 sea-cucumber 81al5 sea-lung 81al5 sea-nettle 81a35 sea-sickness 64b 10 sea-snail 78b20 / 79b5 sea-squirt 81al0 sea-urchin 79b25f/ 80alff,30, biff/ 83bl0
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seal 57a20 / 71b5 / 76b25 / 97bl f
seed 41b25 / 89a5f Selacliia 4 / 55a20, 25, 35 / 76bl / 95b5 / 96b 1 ff / 97a5 self-defence 55b5 / 62b25 etc. semen olblO, 20 / 8i)aof sensation 47al ff / 48a 1 / 50hJ5 / 51al0, bl / 531v>0 / 56a 1, 15 / 66a35 / 72b:;0 / 81 a 15 ff
sense, “ general ” 86a30 sense-organs 47a5 / 56b20 senses 56a 25 ff / 86a 10 Sepia 54a20 / 78b25 / 79a5 ff / 85al0 ff septum 81co30
serpents 60b5 / 76a25, 1>?0 / 90bl5flF / 91 b25 ff / 9605 / 97a 10
serum 51al."> / 53al Shakespeare 33 / 34 sheep 71 b5 / 72a25 ff / 73b30 / 76b35 f
sheep-rot 7^a30 ff sinews 66bl0 / 96b5 Siphae 96a5 sleep 53a 10 smell 59b 15 Smyraena !)Ga5 snake 91al5 Socrates 42a‘25 solid and fluid 47a20, blO / 48b 1 /49bl0ff solidification 49a30 / 51a 10 Soul 9 / 34-37 / 38 / 41a Ιό ff / 50b2o / 52b5f / 67K20 / 72bl5 / 76b25 / 78M / 86b25 / 92a20 sounds 60a 1 f speech 5!) 1)30 ff / 60a20/ 61bl5 / 64b1 / 73a20 spider-crab 8 talO 550
spiral shells 79MO spit-and-lampstand 83a35 spleen 66a25 / 69b25 ff / 70a30 ff, b30 sponge 81al0 f spontaneous production 40a30
spurs 94a10 starfish SIb5 f sterility 51b 10
sting 6 la 15, 25 / 82a 10, b30 ff stomach 74a5 ff / 80b25 ff / 8‘lb35 stone fiTbl substratum -19al5f suckers 85b10 suet 51a20ff, h25 / 72a.5 sutures 53a33 / 58b 1 / 67a5 sweat 68b 1
swine 63a5 / 88b 1, 10 etc. symmetria 53b;i5 / 8Gal0 systoichia, 7Ob-20
tail 5Sa30 / 84a 1 / 80b 1 ff [ 95b5 f talons 94a 15
taste 56b35 / 60a20 / 61a5 / 90b25ff
Taylor, Prof. A. E. 20 teeth 55b5 / 61 a30 ff / 78b 15 / 80b25
teleology 3 / 4Sal5 / 59al5 / 63a10 / 94a20 tentacles 85b 1 f Testacea 93 / 54al / 78b 10,20 / 79b 1 ff / 83b 1 ff testicles 95a25 / 97a 10 text and manuscripts of XV partibus 45 ff theoretical sciences 40a Thompson, Prof. D’Arcy 10 / 19 / 20 / 44a20 Tipha 96a5
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tissues 4 toad 73h30 Toledo 40/41 tongue 59h35 ff / 78b5 ff / 901) 20 ff
torp«lo-fish 95b5 / 96al3o f tortoise 54a5 / 71al5f / 73b30 / 76a30 / 9IaI5 touch 47 / 53b20 / 56a35 Transformations, theory of 19 / 20
translations of Aristotle’s works 39-43 / 44-45 transmigration 36 troglodytes 69b5 / 84a5 Trygon 95bo, 25 tube-feet 81a5 turtle 54a5 tusks 551)10
umbilical cord 93b25 umbilicus 931 )20 “uniform” parts 28-30 / 40h20 / 46a20, b5, 30 / 47a«5, blO
upright posture 53a30 / 56a,10 / 58a20 / 62b20 / 69b5 / 86a9off / 87a5 / 89bl0ff / 90a25 / 95a 1 ff ureters 7 lb 15
vaporization 52b35 / 72bl5 variations in “ parts ” 47b25 fF / 73b10 ff ventilation 53bl vermiform appendix 75al5 vertebrae 51 bo0 / 54bl5 / 86a20
Vertebrates and Invertebrates 45b 10 viper 76bl f
viscera 47a30 / 65a25 ff /
73b10 ft'
Vivipara 55a5, blO / 621 >20 / 73bl5 / 74a25 / 85b35ff
wasp 83a5
whale 60a5 / 97al5ff whelk 79bl5f / S:;l»10 windpipe 64a35ff / Snal5 wing (of birds) 93b l ff wing (of insects) 8-2b5 IF wolf 86al20 / 88a5 woodpecker 62h5 wryneck 95a 20
xanthopterine 34
Zeus hoplosmios 73a 15 zoological works of Aristotle 8
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INDEX TO MOVEMENT AND PROGRESSION OF ANIMALS
Note : OSa—99b=G98a-G99b ()0a-14.b = 700a-714b.
The matter contained in lines 1-5, 5-10 etc. is treated as a section, and each section is referred to bv the number of its
first line: e.g. 98a 1 refers 698a lines 1-1, and 13b 10 t 713b lines 10-14.
action, the result of the practical syllogism 01a?-2 ff active )( passive 02b 10 / 05a20
alteration, causes of Olblo animals passim. appetite 00b 10 arms, movement of, in running 05al5
athletes, use of weights in jumping by Ooalo Atlas, the fable of 99a2o, bl
back )( front, of animals 05a25, blO bat I4bl0 bees 10a 10 beetles lOalO
bending, as a means of motion 07b5 / 0Sb20 ff / 09bl ; concave and convex ib. 10; of legs in walking 552
anything contained in page anything contained in page
by man 1 la25 ff, by quadrupeds ib. blO, by birds 12lv20
bipeds 01a10, 15 / 06a25, bl ff / 10b5 / 12b30 birds 09b20 ; are bipeds 06a25; standing position of 10b 15 ff; compared with fishes lla20 ff; birds with talons the swiftest flyers 10a25 ; web-footed birds, II a.5
bloodless animals, progression of 12b20 ff; structure of ib. 30 ; can have more than four feet 08a 15; can live though divided in parts 07a30
boat, illustration from a
98b20 bones 01b5 Boreas 9Sb25
MOVEMENT & PROGRESSION OF ANIMALS
bronze, horses in 10b20
caterpillars, 05b25 / 09a30 children, their difficulty in walking lOblO cockchafer 10a 10 conger-eels 08a 1 crabs 12bl0 / 14bl5 ; curious structure of 13bl0 ff crawling 09a5, 25 crocodile 13a 15, bl5 cupiils, pictures of winged llal
De anima, referred to 00b5 / 14b20
De partibns animal ium, referred to 9Sal
desire, as a cause of motion 00bl5 /Olal /03a5 ; absent in involuntary movements 03b 10
diagonal movement of the legs 04b 1 / 12a20, ho dimensions of animals 04bl5 / 05a25
earth, immobility of the 9!>a30, b5 if earthworms 05b25 eels 08al ff / 09bl0 elbow ISalO ; elbow-joint 98b1 / 02a25 elephant 09al0 / 12al0
feet, even number of, in all animals 04aI5 / 08a20 ff fiery element 03a20 tire, movement of 99b25 / 00a 10
fishes 09b30 / 13b5 ; compared with birds 14a20 ff flat-fish 09b 10 / 14a5
flying 9$a5, bio / 09b5 “ foot," defined 06a30 footless animals O-ialO / 05b20 / 06bl; movement of 07b5 / 09a25 fore-arm SSbl / 02a25 fowls, domestic 10a5
geometrical illustrations 98a 10 / 02b25 / 031 >35 good, the, as a cause of movement 00b25; real)( apparent good, ib.
hand 02a30 ff heart 03a 10 / 03b5, 20 heavens, movement of the 99al0
heron lOalO
hips 9Sbj / 09a10 / llao; of birds 10b20, of man ib. Iiistoria animaUum, referred to 04b10
Homer, quoted (Od. viii. 20-23) 99b35 hopping 05b30 horses, of bronze 10b20, in religious processions 12a30
“ impossible,” meaning of 99b 15
imagination 00bl0/01bl5/ 02a15 / 03b10 ff inferior )( superior parts 04b20 / 05a25 / 061)1 ff / 07a5
insects 09b30 / 10a5 ff / 13al intellect 00b 10
joints 98a 1/* / 02a20 / 03al0 / 05al5 ; of elbow 98b 1 jumping 05a5, 15 / 08a20 / 09b5
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knee 9SbI
lampreys 08al leeches 09a30
left )( right 05a25, bl5 ff; left and right sides of the body, similar 02b 10; weights carried on left shoulder 05b30 ; why men step off with the left foot 06a5
legs, the 98b5 / 10bl0 ; position of, in movement 09bl5 ff; of man, bent in convex direction 04a 15, of birds, in a concave direction ib. 20 ; four ways of bending the legs 12a 1 : transference of weight from one leg to another IlalO : of poly pods 13b25 ff: necessary to birds 0i)h‘20 ; used to direct flight 10aI5
lizards 13b 15 lobster 13b20 ff
man, the only erect animal lOblO; right-handed06a20: why a biped 04a 15 ; why not winged llal ; his action in walking 07bl5 ; bends his legs in a convex direction 04a 15 marionettes, illustration from Olbl
Metaphysics, referred to 00b5
mice 98bl5 molluscs 06a30 moon 99b 15
motion, movement, of the
554
universe 98b 10, of the heavens 99aI0, blO, of animate things OOblO, of inanimate things 00b 10, of the soul 00b 1, of red-blooded footless animals 07b5; various kinds of movement 98a5 / 05a 1 if; cause of movement 00b 15 ff; where situated 02a20, b5 ff; origin of movement 98al5, bl ff / 01b30 / 06bl5; points at which movement takes place Ola 10 /07a 15 ff, b5 ff / 091)20 ; movement begins on the right side 05b30 / 06bI0; movement implies something at rest outside 99b30 / 02a25; movement of one part necessitates rest of another part 9Sal5, bl ff / 00ao; movement by bending 0Sb20 ff / 09b1 / lla5; voluntary )( involuntary movement 03b5; diagonal movement of the lcsrs Oibl / 12a20, b5 ; movement in jumping, running, and walking 05a5 ff
mover, the prime OObo, moves without being itself moved 98a5 / 00b35, is eternal 00b30
mullet 08a 1
nature, creates nothing without a purpose 0-lb 15 / 08al0, creates nothing unnatural lla5
nutrition, of plants 06b5, of plants and animals compared 05b5
MOVEMENT & PROGRESSION OF ANIMALS
opposite parts of the body move simultaneously 02b 1 < > oviparous quadrupeds 04bI / 13al5
passive )( active 02al0 / 05a20
peacock 10a5, 20 Physics, reference to (258b49) 98a 10
plants, nutrition of06b5, lack movement ib., compared with animals 05b5, superior and inferior parts of 05&25, bl ff
points at which movement takes place 04al0/07al5 if,
1)5 ff / oabso poles, the 99a20 ff polvpods O ta 10 / 06a30, b5 / 08bi / 12bl0 / 13a25, bl5 porphyrio (a bird) lOalO procession, religions IJaSO purple-fish 06a 15 purpose 00b 10 / 01a5, in nature 04M5 / OSalO
quadrupeds 04a 10 ff/06a30 / 07 b 15 : bending of the lesrs of quadrupeds in walking llblO; oviparous quadrupeds 04bl
ray (fish) 09bl5 red-blooded animals lla5, move at four points 04a 10 / 07a15, b5 /09b20, cannot live if divided into parts 07a 25
resistance of earth, air or sea necessary to movement 98bl5
rest )( motion 98b5
right )( left 05a25, bl / 06b25 / 07a5 ; movement originates on the right side 05b30/0Gbl5; right side superior to left 06a20, blO ; right limbs used in defence 06a5 roots of plants 05b5 rudder, slight movement of, changes direction of boat 01b25
scolopendrac 07a30 / 08b5 seal 14b10
sensation 01a35, cause of alteration 01bl5; origin of sensation situated in t he centre of the body 02H20 sense-perception, in animals 05b 10 ; objects of 98a 10 sexual organs 03ba, 20 shin 98b 1
shoulder 98 bl / 09al0 / 1 laj / 12al0
sinews 01b5 Siphae 0Sa5
snakes 05b25/09a25, movement of 07b20 ff, why footless OSao ff soul, movement of the 90bI, central position of 03a35, as origin of movement 02bl ff / 03a 1 spine 02b20
spirit, innate, in animals 03a10 ff
stronihoid testaceans 06a 10. bl
superior )( inferior parts 0 tb20/05a25106b I ff/ 07a,j swimming 98a5, bI5 / 09b5 syllogism, the practical ‘ OlalO ff
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tail, used as a rudder lOal talons, birds with, the swiftest flyers 10a25
testaceans 06a 10, bl / 14b5 thighs 12al5, of birds 12b30 Tityos 9Sb25 tortoise 13al5
toy-carriage, illustration from
01 b 1
trumpet-shell 06a 15
universe, movement of the OSblO
viviparous quadrupeds (Ma20 voluntary )( involuntary movement 03b5
walking 05a5 wasps 10a 10 water-fowl 10a 10 web-footed birds 1 la5 weights, used by athletes when jumping Ooalo, carried on left shouldir 05b80
v, iiurs 0ob20 / 06a25 / 09b5. 30 ; of birds, necessary for walking 091)20, and for standing 10b30, serve as front legs 12b-20; of cupids, useless llal ; of insects lOalo; grow obliquelv 13a 5
wrestling-school 09b 10 wrist 02bl
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